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Abstract
This thesis describes the analysis of the implementation of a professional
development programme for secondary mathematics teachers in England.
The research used a mixed-methods multiple case study design with three
secondary schools.
The aim of the study was to understand mathematics teachers’ profes-
sional learning in the context of this professional development programme.
However, through analytic generalisation, i.e. generalising to theory, these
findings may have broader application to understanding teachers’ profes-
sional learning.
Social learning theory was used as a framework for explaining profes-
sional learning, within this are two components, observational learning and
self-efficacy. Teachers learn to teach through observing behaviours and
models of teaching; they implement the approaches that they are confident
will be effective in their classroom—that they are self-efficacious about.
I show how this explains the prevalence of traditional teacher-centred
teaching in secondary mathematics and how, through observing models of
alternate approaches in PD, and through developing self-efficacy in that
approach, teachers can implement new approaches in their teaching.
In this research, I show that the PD—designed to support teachers
in teaching to develop students’ problem solving skills—had an effect on
teachers’ practices: their teaching became more student-centred. It also
had a positive effect on teacher self-efficacy in the suggested approach.
In the qualitative analysis of multiple individual cases, I explore how
observational learning processes work, in the context of the PD, and the
mechanisms by which teacher self-efficacy is developed.
However, a contextual analysis demonstrates that the extent to which
the ideas in the PD are implemented and sustained are influenced by
context—at a national level and within the school. High-stakes account-
ability and lack of integration of PD initiatives into school strategic plans
lead to PD efforts not being sustained.
The main contribution of this thesis is in bringing a new theoretical
approach to the field of mathematics teachers’ professional development
and professional learning, that of social learning theory : one that has the
potential to improve the design and evaluation of professional development
and teacher education in the future.
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Chapter 1
Introduction
The focus of this research is on mathematics teachers’ professional devel-
opment. Professional development that supports teachers in teaching to
develop student problem-solving skills in secondary mathematics. This in-
terest arose out of my own teaching experience. However, as I began my
research into this issue, I was soon to realise that this issue is not, by any
means, something we have been puzzling over exclusively in recent years.
I was reassured to find that the problem I was to research was at least
450 years old. The following is an extract from The Ground of The Artes
(1543) by Robert Recorde (1512–1558).
Master. So may you if you have marked what I have taught you.
But because thys thynge (as all other) must be learned by often
practice, I wil propounde here ii examples to you, whiche if you
often doo practice, you shall be rype and perfect to subtract
any other summe lightly . . .
Scholar. Sir I thanke you, but I thynke I might the better doo
it, if you show me the workinge of it.
M. Yea but you must prove yourself to do som thynges that
you were never taught, or els you shall not be able to doo any
more than you were taught, and were rather to learne by rote
(as they cal it) than by reason (The Ground of Artes, sig. F, i,
v, cited in, Howson, 1982, p. 20).
What Recorde considered here is, on one hand, the teaching of methods
and procedures, and the other, independent problem solving. And, as I say,
this has been of personal and professional interest to me. In 2001, I trained
to be a mathematics teacher at the University of Sheffield. I soon became
interested in the teaching of problem solving. That is, how students develop
transferable skills in being able to solve unfamiliar problems, from the real
world or within mathematics: where the method to use is not immediately
obvious or that there are alternative approaches that can be used. In this, I
have adapted a definition developed by Schoenfeld (1985) who, building on
the work of Po´lya, (1990) suggested that problem solving involves students
working with unfamiliar and complex problems.
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Problem solving, according to Schoenfeld, is an activity involving a
task where it is not obvious which technique or method to use (Schoenfeld,
1992). Moreover, a mathematical problem is “. . . a task (a) in which the
student is interested and engaged and for which he wishes to obtain a
resolution; and (b) for which the student does not have a readily accessible
means by which to achieve that resolution” (Schoenfeld, 1989, pp. 87–88).
This, in fact, is the definition I use throughout this thesis.
The challenge for me, as a teacher, was in creating a classroom envi-
ronment in which I could develop students’ problem-solving skills. In the
schools that I taught, teaching was consistent with the observations of the
Office for Standards in Education (OfSTED), they concluded that mathe-
matics teaching generally involves a teacher demonstrating a mathematical
procedure then students are expected to become proficient by applying that
method to a series of routine problems. This approach to teaching has been
identified as prevalent in mathematics lessons (OfSTED, 2008, 2012).
I also became aware, later in my career as a head of mathematics, how
difficult it was to encourage teachers to do something other than the tradi-
tional approach. The issue is that traditional teacher-centred approaches
are time-served and effective in managing classrooms and behaviours and,
at least when I was a teacher, I was not exactly sure what was the most
effective way of teaching mathematics to foster students’ problem-solving
ability.
This thesis is not about the second issue. I do not look into how best
to teach problem solving. I will use what can be considered a rather unsat-
isfactory and rather generic descriptor of pedagogy for teaching problem
solving. However, this will not diminish or detract from the main aim of this
research. That is, understanding how teachers might be supported, through
professional development, to develop student problem-solving skills. The
generic characterization for pedagogy and practice to facilitate the devel-
opment of student problem-solving skills is student-centred problem solving.
This is a contrast to traditional teacher-centred approaches which involve
the teaching of methods and students learning through practising with rou-
tine problems. The student-centred approach is characterized by students
working on open-ended tasks, as described by Schoenfeld above, either
collaboratively or individually. The ‘student-centredness’ is a shift in au-
thority over the methods and is to allow students the experience of problem
solving in order to develop their problem-solving skills.
The problem is that effective pedagogy for teaching problem solving
is under-researched. This why I say my definitions and descriptors are
rather generic. However, in this respect I am saved, to some degree. As
this research uses professional development materials in which the designers
have proposed pedagogy for teaching problem solving. My aim is not assess
the efficacy of their vision of pedagogy but to consider how teachers might
implement the approach and what the problems and constraints are.
This leads to a third problem, as I present in Chapter 3, theory in
professional development is not well developed. Thus, the starting point
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for this research was based on three assumptions:
1. Secondary mathematics teaching is predominantly and prevalently
traditional and teacher-centred in England.
2. Teaching practices and approaches are difficult to change.
3. There is no overarching theory for mathematics teachers’ professional
learning.
I examine and justify these in the Chapter 3. In this research, I investi-
gated how teaching changes, what is needed, what the constraints are and
what the processes are.
In order to investigate these I needed the opportunity, I needed access
to schools and professional development, and resources to carry out this
research. It was therefore opportune that the Shell Centre for Mathematics
Education at the University of Nottingham was also interested in these
issues and was in a position to fund this research.
The Shell Centre had designed professional development materials to
help teachers in teaching problem solving. They were interested in finding
out how their materials worked in schools. I take a closer look at the
Bowland Professional Development materials in the next chapter.
Our shared aim was to closely observe teachers using the professional
development materials over a period of time, and attempt to understand
how the professional development influenced their teaching and also identify
the factors that impact on the effectiveness of the professional development.
From this, the Shell Centre wanted to know how they could develop future
professional development materials.
Before describing the structure of this thesis, I provide some definitions.
Professional development is a broad term, Czerniawski (2013) described it
as “portmanteau term” and as a “strategic shorthand” (p. 384). Craft
(2000) suggested that it covers a broad range of activities that contributes
to the learning of teachers who have completed their initial training. Pro-
fessional development is the means by which teachers develop their skills
in and knowledge of teaching and learning, or “those processes and activ-
ities designed to enhance the professional knowledge, skills, and attitudes
of educators so that they might in turn, improve the learning of students”
(Guskey, 2000, p. 16). Day (1999) provided a similar but expanded defi-
nition:
Professional development consists of all natural learning experi-
ences and those continuous and planned activities which are in-
tended to be of direct or indirect benefit to the individual, group
or school and which contribute, through these, to the quality
of education in the classroom. It is the process by which, alone
and with others, teachers review, renew and extend their com-
mitment as change agents to the moral purposes of teaching;
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and by which they acquire and develop critically the knowledge,
skills and emotional intelligence essential to good professional
thinking planning and practice with children, young people and
colleagues through each phase of their teaching lives (Day, 1999,
p. 4).
There are multiple related terms including, for example, teacher edu-
cation and professional learning. I use the following definitions: profes-
sional learning, as the general phenomena of teachers’ initial and continu-
ing professional development, including both informal, on-the-job aspects
as well as more formal programmes of course-based education and train-
ing. Teacher education, I use for more formal aspects of in-service and
pre-service education and training. While in research literature, the terms
professional learning and teacher education are often used interchangeably.
Organisation of this thesis
In this thesis, I begin by introducing the Bowland Professional Development
materials, in Chapter 2. This begins with an overview and description of
the PD materials and is followed by a review of research into professional
development effectiveness. From this, I develop an analytic framework for
assessing the professional development materials. I conclude the chapter
with an analysis of the professional learning theory used in the professional
development materials.
Chapter 3 develops this further by looking at professional learning
theory. I consider theory in relation to mathematics teachers’ professional
development. From this I introduce social learning theory and consider it
from the context of this research. I conclude this chapter with the research
questions:
1. How do teachers use the professional development materials: what
do they attend to and why?
2. How do teachers’ self-efficacy beliefs and practices evolve?
3. Which practices do teachers find easiest or most difficult to adopt?
In Chapter 4, I describe the research design and the selection of cases.
The research used a mixed-methods multiple case study design and involved
six interconnected studies:
Study 1 Contextual factors (Research question 1).
Study 2 How mathematics departments implemented the professional de-
velopment materials (Research question 1).
Study 3 Teachers’ observations in professional development sessions (Re-
search question 1).
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Study 4 How teachers implemented the ideas in the professional develop-
ment in lessons (Research question 1 & 3).
Study 5 Quantitative analysis of changes in teachers’ self-efficacy beliefs
and self-reported practices (Research question 1).
Study 6 Qualitative analysis of changes in teachers’ self-efficacy beliefs
and self-reported practices (Research question 2 & 3).
In Chapter 5, I present the results of study 1 and study 2. I look at
how the three mathematics departments implemented the materials and
the analysis of each department’s context. In Chapter 6, I present the
results of study 3 and 4. I considered what teachers observed in professional
development sessions and how they took the suggested ideas into their
classrooms. Chapter 7 describes the quantitative and qualitative analysis
of changes in teachers’ self-efficacy and changes in self-reported practices
from study 5 and 6. In Chapter 8, I discuss the results from the previous
chapters and interpret the results using social learning theory. Chapter 9
summarises the main findings and presents the implications of this research.
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Chapter 2
The Bowland Professional
Development
In this chapter, I present an analysis of the Bowland Professional Develop-
ment materials. Here, I look at the design of the PD—how the materials
are supposed to ‘work’ and the implicit and explicit assumptions about
professional learning. I consider the following questions in relation to the
PD materials: What were the PD materials for? How were the materials
designed to be used? What does previous research tells us about the PD
materials’ potential to be effective? and What professional learning theory
is implicit in the design of the PD?
I begin by considering the first question by describing the background to
the materials and their overall structure. I then develop an analytic frame-
work derived from research into professional development effectiveness in
order to address the second question: What does previous research tells us
about the PD material’s potential to be effective?. From this, I present an
analysis of the materials based on the framework. I conclude this chapter
with an analysis of the professional learning theory used in the design of
the materials.
2.1 Background
The professional development materials were part of the Bowland Maths
initiative funded by the Bowland Charitable Trust with support from the
Department for Children, Schools and Families (DCSF). The Bowland
Maths initiative was a suite of classroom materials that was intended to
give Key Stage 3 students (11–14 year olds) chance to engage in collabo-
rative problem solving and was related to the aims of the 2008 National
Curriculum (QCA, 2007) which emphasised problem solving.
A suite of professional development materials was developed, this in-
cluded seven modules (see Table 2.1). The first five modules were designed
and developed by the Shell Centre team working in collaboration with
the Association of Teachers of Mathematics (ATM) and the Mathemati-
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Table 2.1: The Bowland professional development modules.
Module description
1 The case studies and mathematics
2 Tackling unstructured problems
3 Fostering and managing collaborative work
4 ICT: Using resources effectively
5 Questioning and reasoning
6 Assessing the key processes
7 Involving pupils in self and peer assessment
cal Association (MA). The two later PD modules, modules 6 and 7, were
developed by the Shell Centre team.
The professional development materials were proposed by the Shell Cen-
tre. As Swan, who led the design, explained to me, teachers required sup-
port in teaching using the approaches suggested in the Bowland materials
and in the 2008 National Curriculum, because the approach was different
from what teachers generally did.
Furthermore, at the time, national funding for professional develop-
ment was being reduced; there was no national professional development
programme to support the introduction of the National Curriculum, even
though it proposed substantial changes to teaching. So, the professional
development materials had been designed to be used by groups of teachers
without the need for an external professional development leader. Swan de-
scribed how he imagined that teachers in mathematics departments could
work together. Thus, the PD materials were a complete set of professional
development materials which included handouts, videos of lessons and de-
tailed guidance for the person leading the session.
Each module is structured in the following way:
1. Introductory session: teachers are guided through a sequence of
activities related to the particular theme of the module, they watch
videos of other teachers working on a chosen problem together and in
the classroom. Teachers are then encouraged to plan a lesson based
on the ideas in the session.
2. Into-the-classroom: teachers try out the lesson planned in the in-
troductory session.
3. Follow-up session: teachers reflect together on their teaching. They
look at ways of developing and embedding the approach in the future
teaching.
In the next two sections I present an analysis of the PD materials.
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2.2 Characteristics of effective PD
Having looked at the purpose and intended applications of the PD materi-
als, in this and the next section I address the question: what does previous
research tells us about the PD material’s potential to be effective?. The aim
of this is to develop an analytic framework for the PD materials but also
contribute to the development of a conceptual framework for this research.
In this section, I look at prior research into the characteristics of effective
PD. I used three studies: the Researching Effective CPD in Mathematics
Education (RECME) study (Back, Hirst, De Geest, Joubert, and Suther-
land, 2009); the Schools and Continuing Professional Development (CPD)
in England – State of the Nation Research Project (Pedder, Storey, and
Opfer, 2008) and the impact research carried out by Desimone, Porter,
Garet, Yoon, and Birman (2002). I used the findings from each of these
studies to develop a framework of characteristics of PD effectiveness.
The limitation, common to all three, was that the principle sources of
data were survey and interviews. No recent study has attempted to con-
nect PD to teacher behaviours and actions through observational studies.
I believe the characteristics of effective PD identified in the above studies
reflect a consensus in the field of mathematics teachers’ professional devel-
opment research, but with some support from teachers’ self-reports about
their teaching. Therefore, the overriding feature of the characteristics that
I identify here is that they represent a scholarly consensus and as such
their status as knowledge must take that into account. Having said this, I
accepted them in this research as the best available knowledge.
Reflecting further on this criticism, and as a result of the experience
of undertaking this research, I acknowledge the potential difficulties, both
methodologically and practically, in designing and implementing research
that attempts to identify the factors that make PD effective and identify
the causal links with changes in practice. We are dealing with complex and
context-specific social systems. My strategy, with the available resources—
in this analysis and in the main part of the study—was to take an analytic
approach.
There are two strategies for generalising results (beyond the acceptance
of consensus), the first would be statistical generalisation of the type charac-
terized by field-based experimental analyses, using a representative sample
to identify characteristics of effective PD and correlate them with class-
room practices. The PD would need to be randomly assigned to determine
causality. This study would be a considerable undertaking. The alternative
strategy (and a guiding principle for this research as a whole) is analytic
generalisation (Yin, 2009).
This strategy involves generalising to theory. Findings from individual
cases are used to develop and build on broader theory. Theory that can be
used to make comparisons between cases where there is a “logical rather
than statistical connection between the case and the wider theory” (Cohen,
Manion, and Morrison, 2011, p. 294). I discuss this further in Chapter 4,
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when I discuss the methodology, but here I introduce this since I use the
consensus-based characteristics of effective PD in this chapter.
Looking then at the characteristics of effective PD. The first study, the
RECME project (Back et al., 2009), was the most relevant research in
relation to the Bowland PD because it focused on mathematics teachers’
professional development in England. It involved 30 PD initiatives, overall,
about 250 teachers in pre-primary, primary, secondary, further and adult
education settings were involved in these initiatives. Two teachers from
each initiative were interviewed and observed in their classrooms. The ob-
servations were to support the analysis of interviews rather than to identify
direct effects of PD on practice. Although, the teacher sample was quite
high, the actual number of initiatives was relatively low at 30, with 14
initiatives related specifically to secondary mathematics teachers.
The RECME study identified the following factors that contributed to
effective PD:
• The PD is practical and related to classroom practice;
• The leadership of the PD;
• It is stimulating and challenging—it supports the implementation and
embedding of change by encouraging teachers to try out new ideas in
a supported way;
• Sufficiency of time for professional development (Back et al., 2009, p.
3).
The Schools and continuing Professional Development (CPD) in Eng-
land – State of the Nation Research Project (Pedder et al., 2008) commis-
sioned by the Training and Development Agency for Schools (TDA) offered
an alternative perspective, since its aims were to find out the state of CPD
in schools: the kinds of professional development that were available in
schools, the extent to which teachers participated in different kinds of CPD
and the issues that made professional development more or less effective.
It was a large-scale mixed-methods project involving a survey of teachers
from a representative sample of primary and secondary school teachers in
England. There were 1126 responses from teachers and 251 responses from
school leaders. In addition, case studies were carried out in three secondary
schools, this involved interviews and focus groups to explore the survey re-
sults in more depth. Like RECME, it explored what teachers considered
to be effective professional development, but also extended to headteachers
and school leaders. It was therefore useful to compare the RECME findings
with the State of the Nation Study findings.
Teachers identified professional development that involved experiment-
ing with teaching and practice as the most effective (Pedder et al., 2008,
p. 34). This was similar to the finding in the RECME study, that effective
CPD involved practical activities and was related to classroom practice. It
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also considered school leadership perspectives on PD and found the PD was
rarely evaluated by schools. This suggested that there was an issue in the
way PD was integrated into wider school aims and strategy. This related
to the issue of coherence identified in the final study which I consider next.
I inferred from this, and in the light of my own experience, that PD was
often seen as an add-on rather than something that was integrated into the
school development plan and the school’s operations.
The final study was a three-year longitudinal study involving a purpose-
fully selected sample of 207 teachers in 30 schools from 10 districts across
five states in the US (Desimone et al., 2002, p. 81). It focussed on the ef-
fects of reform and the extent to which teachers’ practices changed. Reform
represents efforts to change teaching from traditional teacher-centred prac-
tices to approaches that foster student understanding and develop problem
solving skills.
Although there were potential limitations in using research from the
US—there are cultural and systemic differences in the education system,
for example—it was useful to consider the findings of this study and make
comparisons with both the RECME and the State of the Nation studies.
Desimone et al. (2002) built on the results of their own national cross-
sectional sample (Garet, Porter, Desimone, Birman, and Yoon, 2001) which
involved a national probability sample of 1027 teachers across 93% of all
districts in the US. They hypothesized six key features that would make
professional development effective. Three of these they described as “struc-
tural”:
• “whether the activity is organized as a reform type, such as a study
group, teacher network, mentoring relationship, committee or task
force, internship, individual research project, or teacher research cen-
ter, in contrast to a traditional workshop, course, or conference” (Des-
imone et al., 2002, p. 83);
• “the duration of the activity, including the total number of contact
hours that participants spend in the activity, as well as the span of
time over which the activity takes place” (p. 83);
• “. . . the degree to which the activity emphasizes the collective par-
ticipation of groups of teachers from the same school, department,
or grade level, as opposed to the participation of individual teachers
from many schools” (p. 83).
A further three factors they described as relating to the “substance of
the activity” (p. 83):
• “the extent to which the activity offers opportunities for active learn-
ing—that is, opportunities for teachers to become actively engaged
in the meaningful analysis of teaching and learning, for example, by
reviewing student work or obtaining feedback on their teaching” (p.
83);
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• “the degree to which the activity promotes coherence in teachers’
professional development, by incorporating experiences that are con-
sistent with teachers’ goals, aligned with state standards and assess-
ments, and encourage continuing professional communication among
teachers” (p. 83);
• “the degree to which the activity has a content focus—that is, the
degree to which the activity is focused on improving and deepening
teachers content knowledge in mathematics and science” (p. 83).
Desimone et al. (2002) used these factors in their longitudinal study
and analysed the data using structural equation modelling. They found
that teachers’ participation in professional development that focussed on a
particular aspect of teaching was related to an increased use of that practice
in their classroom, but in particular conditions. They found the effects
varied considerably depending on the aims of the professional development.
For example, when the focus was on developing the use of technology,
collective participation was a significant factor. When the focus was on
the introduction of instructional practices for higher order thinking the
significant factor was that it was a reform-type programme i.e. it was a
study group, teacher network, mentoring relationship or teacher research
rather than traditional course.
Overall Desimone et al. (2002) claimed that “. . . in our longitudinal
study, we found that professional development focused on specific teaching
practices increased teachers use of those practices in the classroom” (p.
102). This does not fully characterize the complexity and variation in their
results. They also go on to make claims about other factors:
Our longitudinal data indicate that professional development
is more effective in changing teachers classroom practice when
it has collective participation of teachers from the same school,
department, or grade; and active learning opportunities, such as
reviewing student work or obtaining feedback on teaching; and
coherence, for example, linking to other activities or building
on teachers previous knowledge (Desimone et al., 2002, p. 102).
The statistical evidence was weak, they substantiate their claim by
drawing on the results of their cross-sectional study and prior research.
There are also some surprising anomalies, they found that the duration of
the professional development was not statistically significant in professional
development effectiveness.
I integrated the characteristics of effective PD from each study. In par-
ticular, I collected the effectiveness characteristics of practical and related
to classroom practice; stimulating and engaging (Back et al., 2009) with
experimenting with classroom practice (Pedder et al., 2008) and content
focus ; reform type and active learning (Desimone et al., 2002). I created
an overarching characteristic concerned with engagement which reflected
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these overlapping and related characteristics. I summarise the synthesised
analytic framework in Figure 2.1. The contributing factors are shown from
each study on the left, my derived analytic framework is shown in the final
column in bold.
Figure 2.1: Integrated model of PD effectiveness
I summarise the five characteristics of effective PD: leadership; col-
lective participation ; engagement ; time and coherence as follows:
• Leadership of the professional development RECME (Back et
al., 2009) – This concerned the individual leading the professional
development sessions and programme and their leadership style. This
was a characteristic that was considered when I looked at the PD in
action, since the materials themselves do not reveal anything about
the impact of leadership. Save to say that the materials were designed
to be used by groups of ‘self-led’ teachers. I considered this from
a social learning theory perspective and describe this in the next
chapter.
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• Collective participation (Desimone et al., 2002) – Again, this was
something that was explored when the PD was in use in mathematics
departments. The assumption was that the more collectively depart-
ments participated in the PD the more effective the PD was. I also
considered this from a social learning theory perspective in the next
chapter
• Engagement (Back et al., 2009; Desimone et al., 2002; Pedder et
al., 2008) – This was a broad characteristic which was the result of
synthesising a number of issues identified across all three studies. It
included the following sub-characteristics:
1. The extent to which the materials and the enactment of the
materials were engaging and stimulating.
2. The extent to which participants were active and had opportu-
nity to experiment with practice.
3. The content and the focus of the PD.
4. The pedagogical approach used in the PD i.e. the learning ap-
proach in the PD sessions.
• Time (Back et al., 2009; Desimone et al., 2002) – This related to
both having opportunity to participate in professional development,
which in turn related to the coherence characteristic below and to
the length of PD sessions as well as the duration of programmes.
In this research I addressed the former aspect of ‘time’, that is, in
relation to teachers being given time to participate in professional
learning activities, as a coherence characteristic as described next. In
this research I did not determine the ‘dosage’ requirement to make
professional development effective i.e. the amount of time required
to make PD effective.
• Coherence (Desimone et al., 2002; Pedder et al., 2008) – This re-
ferred to the extent to which the PD cohered with classroom prac-
tice, department and school-level policy and practice. I assumed the
more the PD cohered with systemic characteristics, the more likely it
would be implemented and, moreover, the more likely the aims of the
PD were sustained once implemented. It was important, therefore,
to consider the policy landscape and the school-level strategy, also
to consider the extent to which the PD was integrated into school
strategy. It was observed by Pedder et al. (2008) that schools rarely
evaluated PD initiatives, suggesting that PD is not well integrated
in school-level strategy and therefore it is common that PD does not
cohere.
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2.3 Analysis of the Bowland PD
In this section, I use the characteristics of effective PD and address the
question I introduced at the beginning of the chapter: What does previous
research tells us about the PD material’s potential to be effective? In this
analysis, I considered the content of one of the PD modules and assessed
the extent to which the PD was likely to be engaging and stimulating for
teachers. The analysis of the content involved looking at the mechanisms
and processes by which teachers are expected to be engaged with the ideas
in the PD. I looked at the following aspects in relation to the focus and
presentation in the PD materials:
1. The extent to which the materials are engaging and stimulating.
2. The extent to which participants are active and have opportunity to
experiment with practice.
3. The content and the focus of the PD.
4. The pedagogical approach used in the PD i.e. the learning approach
in the PD sessions.
As I described at the beginning of the chapter, each module is pre-
sented as a ‘sandwich’ structure with an introductory session, an into-the-
classroom phase and a follow-up session.
This structure gives teachers the opportunity to be active and experi-
ment with practice, using the ideas presented in the PD. The introductory
and follow-up sessions are each designed to last for around one hour. From
the perspective of engagement, I assumed the session lengths were of a
reasonable duration. With sufficient time to allow teachers to engage with
the ideas in the PD and sufficiently short to allow attention to be sus-
tained. Although, I found it was difficult for departments to find time for
the sessions, this is described in Chapter 5.
The structure allows teachers to engage with the ideas suggested in
the PD, to try them out in lessons and then to reflect on and discuss
them in the follow-up session. This is consistent with what Back et al.
(2009), Pedder et al. (2008) and Desimone et al. (2002) found to be effec-
tive. From the perspective of active learning, PD effectiveness is related
to “. . . opportunities for teachers to become actively engaged in the mean-
ingful analysis of teaching and learning, for example, by reviewing student
work or obtaining feedback on their teaching . . . ” (Desimone et al., 2002,
p. 83). With the Bowland PD, teachers are encouraged to reflect on and
discuss their attempts to teach using the ideas suggested in the PD, this
makes the PD materials potentially engaging in the sense of active learning.
In order to analyse the content more closely, I selected one PD module
at random, and looked at the introductory session materials in depth. All
the module materials follow a very similar format and include a similar
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presentation of printed and video materials. I decided the introductory
session revealed more about the way in which teachers could be potentially
engaged with the ideas in the PD, in comparison with the follow-up session,
which has greater focus on reflection.
At the beginning of the chapter, I explained the purpose and application
of the materials. A feature of this was that the materials were designed
to be used by a group of teachers with any one of them potentially taking
the lead. The material content reflects this in the extensive guidance that
is offered to the lead. This includes session plans; handouts (module 3
handouts are included on pages 20 to 23), video material (screenshots from
the module 3, Introductory session videos are shown on page 19) and a
presentation interface referred to as the Bowland player (the main screen
for the introductory session is shown in Figure 2.2).
Figure 2.2: Bowland Player screenshot, Fostering and managing collabora-
tive work module, introductory session.
Whoever leads the PD can ‘deliver’ the materials passively; they can
use the video to introduce activities and tasks: to explain the ideas and to
illustrate the teaching approach. Alternatively, the PD leader can take a
more active roˆle in the PD and do more of the presentation of the material
themselves. In the first case the PD leader is a facilitator, subsuming to the
ideas in the materials. In the latter the PD leader takes a leadership roˆle,
there is a risk, in this case, that the leader may reinterpret the ideas in the
PD. It is interesting to note what RECME revealed about PD leadership:
Some teachers participating in CPD courses suggested that
their CPD was effective because of the course leaders (the teacher
educators). They suggested it was important that the leader
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had wide knowledge of the field of mathematics education as
well as current experience of classroom practice. Other teach-
ers reported that their CPD was effective because, for example,
it had a ‘good’ or ‘brilliant’ leader, and others pointed out the
importance of a leader (Back et al., 2009, p. 75).
The question from this then is, what is the impact of a more passive
leadership in PD, one in which the leader is facilitatory rather than author-
itative? While I did not look into this in any particular depth, since my
focus was on understanding professional learning processes, the effect of
leadership has important implications for the implementation of the PD.
If, for instance, well-designed PD materials were distributed to schools
for mathematics departments to ‘implement’ it could have the potential
to transform teaching. I suspect that in many cases the materials are
not enough, change requires local visionary and authoritative leadership as
well. I suggest that—and as was found by RECME (Back et al., 2009)—the
effectiveness of the PD is dependent on a more dynamic lead: one whose
aims are integral to, related with or aligned to those of the materials.
Taking a closer look at PD materials, I selected module 3, Fostering
and Managing Collaborative Work, Introductory session for this analysis.
Like all the PD sessions, each session is organised into 10- to 20-minute
activities. I considered these activities in relation to how stimulating and
engaging (Back et al., 2009) the materials are. I did not carry out an in-
depth analysis but made some simple assessments and judgements about
the aspects of the PD materials that appeared engaging and stimulating.
This, is in the main, is to articulate the characteristics and nature of the
PD materials. How engaging and how stimulating the materials are, is
very much dependent on a number of factors: how they are used and how
they relate to the perspectives and aims of schools and departments and,
of course, how sessions are led.
Each activity has a particular focus and allows time for teachers to give
the issue some thought and have some discussion. I consider each activity
in turn.
The introduction screen for Fostering and Managing Collaborative Work,
Introductory session (see Figure 2.2) presents the module aims:
• consider the characteristics of an effective pupil-pupil discussion;
• explore techniques for promoting pupil-pupil discussion;
• discuss the teacher’s role in managing pupil-pupil discussion.
This reveals the content and focus of this PD module. The focus is pupil
discussion in the context of problem solving. Each module has a distinct
focus within an overarching theme of teaching to support the development
of problem solving skills. I characterized this as a two-level approach:
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a pedagogic level, focusing on student collaboration and a content level,
focussing on the teaching of problem solving. Each of the seven PD modules
has a similar two-level approach. For example, module 4 involves ICT and
problem solving, module 5 involves teacher questioning and the teaching
of problem solving.
There is a possibility that teachers could become more interested in the
pedagogic level and not the teaching of problem solving. For instance, it
is probably easier to implement the pedagogic features e.g. group-work
rather than the substantive aim of teaching problem solving. This chimes
with observations made by Cohen (1990) and Cuban (2009), where teach-
ers adopted surface features of reform-oriented PD e.g. changes in room
organisation but teaching remained predominantly traditional and teacher-
centred. It is what Cuban referred to as teacher-centred progressivism. But
I elaborate on this further in the next chapter.
After a short introduction, there are five ‘activities’. These have the
following content:
• Activity 1: Experience a mathematical discussion This is a
10-minute activity in which teachers have the chance to experience a
mathematical discussion. The suggested problem to discuss is ‘How
many people can stand comfortably on a football pitch?’ Alternative
problems are also available on handout 1 (see Figure 2.4, p. 20).
Participating teachers are encouraged to think about the character-
istics of ‘helpful’ and ‘unhelpful’ talk. There is also a short video clip
of teachers discussing the football pitch problem (see Figure 2.3b,
p. 19). This is potentially stimulating and engaging since it gives
teachers chance to work on a problem and discuss their approach. In
terms of the study by Desimone et al. (2002) it provides opportunity
for active learning.
• Activity 2: Reflect on your discussion This is a further 10-
minute activity in which teachers reflect on their discussion. Handout
2 (see Figure 2.4, p. 20) introduces some theoretical perspectives
on discussion, and raises questions like, is the discussion collective,
reciprocal, cumulative, supportive or purposeful? Teachers are also
asked to think about what they have learnt mathematically from their
discussion. There is supporting video material of teachers reflecting
on their discussions (see Figure 2.3c, p. 19). Again this represents
opportunity for teacher activity; they are potentially engaged and
involved rather than being passive participants.
• Activity 3: Observe a discussion lesson In this 20-minute ac-
tivity teachers are expected to look at video of an example of a dis-
cussion lesson. There is a brief video clip of a lesson (Figure 2.3d, p.
19), there are also longer video clips of three teachers, Eve, Angela
and Marc (see Figure 2.3e, 2.3f and 2.3g, p. 19), each using one of
the tasks from handout 1 (Figure 2.4, p. 20) in a discussion lesson.
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This activity relates to experimenting with practice. Here the lesson
video provides a model which teachers can vary, adapt and imple-
ment. Importantly it provides a resource with which teachers can
experiment.
• Activity 4: Discuss implications for teaching In this 10-
minute activity, teachers are asked to consider how they might get
students to discuss in helpful ways. Handout 3 (Figure 2.5, p. 21)
provides ‘Ten ground rules’ for pupil-pupil discussion. Teachers are
asked to think about the way they might encourage students to follow
the rules or if they would get classes to draw up their own set of rules.
The accompanying video shows Eve introducing a class to the ground
rules (Figure 2.3h, p. 19). This is a further ‘active’ component in
which teachers have the chance to consider the ideas.
• Activity 5: Plan a lesson using one of the problems In the
final 10-minute activity teachers are asked to plan a lesson based
on one of the problems (handout 1, Figure 2.4, p. 20). The video
provides an overview of the activity and includes clips of lessons based
on the problems (Figure 2.3i, p. 19). Handout 4 provides some help
in planning for pupil-pupil discussion (Figure 2.5, p. 21) and handout
6 provides some notes on the problems (Figure 2.6, p. 22). The last
part of the session involves preparation for experimentation; again it
is active and includes stimulation in the form of video and printed
material.
In sum, the materials themselves involve a wide range of stimuli, includ-
ing video and printed material and are organised in to a series of ‘active’
episodes or ‘activities’. Taken at face value the materials have many of the
features that make them engaging as derived in the model for engagement:
1. The materials have content and activities that appear engaging and
stimulating.
2. Participants are potentially active and have opportunity to experi-
ment with practice.
3. The content and the focus of the PD feature a two-level conception:
pedagogy e.g. student collaboration and a core focus of teaching for
problem solving. It also provides models and lesson plans for these
approaches (see Figure 2.8, p. 30).
4. The pedagogical approach and underlying theoretical approach to
professional learning is considered in the final part of the chapter.
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(a) Introduction The importance of (b) Activity 1 Experience a (c) Activity 2 Reflect on your
discussion, 48′′: video clip describing mathematical discussion, 1′6′′: clip plus discussion, 53′′: showing teachers
general issues and their importance in an extra video (3′42′′) showing teachers’ discussing—characterizes ‘helpful’ and
problem-solving. discussion. ‘unhelpful’ talk.
(d) Activity 3 Observe a discussion (e) Activity 3 Observe a discussion (f) Activity 3 Observe a discussion
lesson, 1′2′′: introduction to activity 3, lesson, 11′8′′: of Eve’s lesson, ‘How many lesson, 9′32′′: of Angela’s lesson,
showing Eve’s lesson. teachers in the UK?’ ‘Sharing office space’.
(g) Activity 3 Observe a discussion (h) Activity 4 Discuss implications for (i) Activity 5 Plan a lesson using one
lesson, 1′12′′: of Marc’s lesson ‘Treasure teaching, 1′8′′: introducing activity, of the problems, 1′53′′: clip including
hunt’. showing Eve introducing class to the video of the problems in the session.
‘Ten ground rules’.
Figure 2.3: Screenshots from the video materials for use in the Fostering and Managing Collaborative Work: Introductory session.
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Fostering and managing collaborative work Handout 1
r1 © 2008 Bowland Charitable Trust Page 1 of 1
1 Problems for discussion
Estimating and interpreting: Schoolteachers and dentists
There are about 60 million people in the UK.
¥ About how many school teachers are there?
¥ About how many dentists are there?
Estimate some other facts and check them out!
Modelling and explaining: Sharing office space
This drawing shows four offices in a factory. The workers complain that some offices are
more crowded than others. How could the workers be rearranged with the minimum of
fuss, so that the offices are equally crowded?
Solving logic puzzles: Treasure hunt
Type coordinates into the
yellow spaces to find the
treasure, using the clues
given by the pirate.
What advice would you
give someone to help them
find the treasure with the
least amount of digging?
Fostering and managing collaborative work Handout 2
r1 © 2008 Bowland Charitable Trust Page 1 of 1
2 Recognising helpful and unhelpful talk
What types of talk engages pupils, develops understanding and promotes deeper thinking?
Robin Alexander (2006)1 identified the following five principles of helpful classroom talk -
which he terms dialogic.
Dialogic talk is:
¥ Collective: teachers and children address learning tasks together, as a group or as
a class, rather than in isolation
¥ Reciprocal: teachers and children listen to each other, share ideas and consider
alternative viewpoints
¥ Cumulative: teachers and children build on their own and each others' ideas and
chain them into coherent lines of thinking and enquiry
¥ Supportive: children articulate their ideas freely, without fear of embarrassment
over 'wrong' answers and they help each other to reach common understandings
¥ Purposeful: teachers plan and facilitate dialogic teaching with particular
educational goals in view
Neil Mercer (1995, 2000)2 identifies the following three types of pupil-pupil talk. It is the
third type, exploratory talk, that is most helpful fo learning:
Cumulative talk Speakers build positively, but uncritically on what each other
has said. This is typically characterised by repetitions,
confirmations and elaborations.
Disputational talk This consists of disagreement and individualised decision
making. It is characterised by short exchanges consisting of
assertions and counter-assertions.
Exploratory talk Speakers work on and elaborate each otherÕs reasoning in a
collaborative, rather than competitive atmosphere. Exploratory
talk enables reasoning to become audible and knowledge
becomes publicly accountable.
It is characterised by critical and constructive exchanges.
Challenges are justified and alternative ideas are offered.
                                                 
1 Alexander, R. (2006). Towards Dialogic Teaching: Rethinking Classroom Talk (3 ed.). Thirsk: Dialogos.
2 Mercer, N. (1995). The guided construction of knowledge. Clevedon, Philadelphia, Adelaide. Mercer, N.
(2000). Words and Minds. London: Routledge.
Figure 2.4: Fostering and managing collaborative work: handouts 1 and 2.
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Fostering and managing collaborative work Handout 3
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3 Ten ground rules for pupil-pupil discussion
Here are some suggested 'ground rules' for pupils to use as they work in groups.
These could be displayed and reinforced over time.
Maybe you could involve you class in drawing up a similar list.
1. Give everyone in your group a
chance to speak
"Lets take it in turns to say what we think".
"Claire, you haven't said anything yet."
2. Listen to what people say
"Don't interrupt - let Sam finish".
"I think Sam means that ...."
3. Check that everyone else listens
"What did Sue just say?."
"I just made a deliberate mistake - did you
spot it?
4. Try to understand what is said
"I don't understand. Can you repeat that?"
"Can you show me what you mean?"
5. Build on what others have said
"I agree with that because ..."
"Yes and I also think that ...."
6. Demand good explanations
"Why do you say that?"
"Go on ... convinced me."
7. Challenge what is said
"That cannot be right, because..."
"This explanation isn't good enough yet."
8. Treat opinions with respect
"That is an interesting point."
"We all make mistakes!"
9. Share responsibility
"Let's make sure that we are all able to
report this back to the whole class."
10. Reach agreement
"We've got the general idea, but we need
to agree on how we will present it."
Fostering and managing collaborative work Handout 4
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4 Planning for pupil-pupil discussion
Plan to offer
the task in a
form that will
encourage
collaboration
Prepare shared tasks in a form that will encourage discussion. For
example:
¥ Provide resources to share (e.g. one copy between three) and ask
for outputs that are jointly produced.
¥ Provide big resources so that reasoning may be visible and
shared, such as large sheets of paper, felt-tipped pens or 'mini-
whiteboards'.
¥ Require joint outcomes: e.g. a poster or a report. Make pupils
share responsibility for this.
Plan how you
will arrange
the room
Arrange tables and chairs so that pupils are facing each other while
working together.
When computers are used, then pair two pupils to a computer and give
them space and resources to record their joint thinking (e.g. using mini-
whiteboards). Encourage turn taking when using the computer.
Plan how you
will group
pupils
Most pupils are more able to discuss in smaller groups than larger ones:
pairs or threes is often most effective.
Some teachers find a snowball approach helpful:
¥ Pupils first tackle the task individually. They have time to think
before they are asked to discuss.
¥ Pairs are then formed and pupils are asked to try and reach
agreement.
¥ Pairs then join together so that a broader consensus might be
reached.
¥ Groups of four then report back to the whole class in a plenary
discussion.
Plan how you
will introduce
the purpose
of discussing
Plan your introduction to pre-empt the questions:
¥ "Why do you want us to discuss?"
¥ "What do you want us to discuss?"
For example:
This lesson is not about 'me showing you a method and then you using it'.
No, I want to see if you can find your own methods. There is more than
one way of doing this! I want you to discuss your own ideas for starting on
this problem.
Plan how you
will establish
ground rules
Introduce ground rules for pupils such as those outlined on   Handout 3.
Such behaviours are not established overnight, but over a long time
through consistent reinforcement.
Plan how you
will end the
discussion
Most teachers ask pupils to report back on their discussion in some way.
All pupils should be encouraged to prepare for this.
Try not to pass judgments on their responses while they do this or this
may influence subsequent contributions. (See   Handout 5)
Figure 2.5: Fostering and managing collaborative work: handouts 3 and 4.
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5 What is the teacher's role during discussion?
Make the
purpose of the
task clear
Explain what the task is and how they should work on it. Also, explain why
they should work in this way.
ÔDonÕt rush, take your time. The answers are not the focus here. ItÕs the
reasons for those answers that are important. You donÕt have to finish, but
you do have to be able to explain something to the rest of the class.Õ
Keep
reinforcing the
Ôground rulesÕ
Try to ensure that pupils remember the ground rules that were discussed at
the beginning. Encourage pupils to develop a responsibility for each otherÕs
understanding.
ÔI will pick one of you to explain this to the whole class later Ð so make sure
all of you understand itÕ.
Listen before
intervening
When approaching a group, stand back and listen to the discussion before
intervening. It is all too easy to interrupt a group with a predetermined
agenda, diverting their attention from the ideas they are discussing. This is
not only annoying and disruptive (for the group), it also prevents pupils
from concentrating.
Join in, donÕt
judge
Try to join in as an equal member of the group rather than as an authority
figure. When teachers adopt judgmental roles, pupils tend to try to Ôguess
whatÕs in the teacherÕs headÕ rather than try to think for themselves: ÔDo
you want us to say what we think, or what we think you want us to say?Õ
Ask pupils to
describe,
explain and
interpret
The purpose of an intervention is to increase the depth of reflective
thought. Challenge pupils to describe what they are doing (quite easy), to
interpret something (ÔCan you say what that means?Õ) or to explain
something (ÔCan you show us why you say that?).
Do not do the
thinking for
pupils.
Many pupils are experts at making their teachers do the work! They know
that if they Ôplay dumbÕ long enough, then the teacher will eventually take
over. Try not to fall for this. If a pupil says that he or she cannot explain
something, ask another pupil in the group to explain, or ask the pupil to
choose some part of the problem that she can explain. DonÕt let them off
the hook! When a pupil asks the teacher a question, donÕt answer it (at
least straight away). Ask someone else in the group to do so.
DonÕt be afraid
of leaving
discussions
unresolved.
Some teachers like to resolve discussions before they leave the group.
When the teacher leads the group to the answer, then leaves, the
discussion has ended. Pupils are left with nothing to think about, or they go
on to a different problem. It is often better to reawaken interest with a
further interesting question that builds on the discussion and then leave the
group to discuss it alone. Return some minutes later to find out what has
been decided
Fostering and managing collaborative work Handout 6
r3 © 2008 Bowland Charitable Trust Page 1 of 3
6 Notes on the problems
Estimating and interpreting: Schoolteachers and dentists
Links to Case Studies
This task offers an unstructured estimation problem. Such problems are intended to create
confidence in pupils' own ability to use knowledge that they already have.
This problem is similar to other problems within the Case Studies, most notably those that
are contained within the Case Study ÒYou reckon?Ó
Sample solutions
How many schoolteachers are there in the UK?
The solution will be dependent on the assumptions made and the line of reasoning taken.
The solutions below illustrate just one approach.
We can make the following assumptions:
¥ About one fifth of the total population is at school. (If life span is approx 75 years
and 14 of these are at school).
¥ Assume an average of 25 children per class.
¥ Assume all teachers are working full-time
Then there will be about 
 
60,000,000
5 × 25
= 480,000 teachers.
Answer: about half a million teachers are required. In fact there are about 441,000 full time
teachers in mainstream education (Source: www.statistics.gov.uk)
How many dentists are there in the UK?
We can make the following assumptions:
¥ Each member of population sees dentist on average twice per year.
¥ Each consultation lasts about 20 minutes
¥ Dentist sees patients for about 6 hours per day
¥ Dentist works for 45 weeks per year.
Then, dentist can have 45 x 5 x 6 x 3 = 4,050 consultations per year.
Number of consultations required = 120 million per year
120 million / 4,050 = 30 thousand dentists
Answer: about 30 thousand dentists are required. In fact there are about 31,000 registered
dentists in the UK (Source BBC.co.uk)
Figure 2.6: Fostering and managing collaborative work: handouts 5 and 6.
22
C
h
a
p
t
e
r
2
:
T
h
e
B
ow
lan
d
P
rofession
al
D
evelopm
en
t
Fostering and managing collaborative work Handout 7
r1 © 2008 Bowland Charitable Trust Page 1 of 1
7 Further activities to promote speaking and listening
The following activities are designed for pupils who find it difficult to take it in turns to speak
and listen. They do not generate mathematical discussions as such but rather offer a
structured format in which pupils can speak for extended periods without interruption.
Back-to-back describing and making.
Ask pupils to sit in pairs, back to back. Give one pupil a picture or a physical object. The
pupil then carefully describes the picture or object so that his or her partner can recreate it,
without looking. For example:
¥ One pupil describes a picture (for example, a geometrical design
such as the one shown here), the other tries to draw it.
¥ One pupil describes a 3D construction made from "Lego" or multilink
cubes. The other tries to make the same construction using an
identical set of material.
¥ One pupil gives directions to a place, the other draws the route on a
map.
After each activity ask pairs to compare their product with the original. What was good
about the ÔdescribersÕ instructions? How might they have been changed to create a more
accurate reproduction?
Defining words
Arrange pupils into pairs. Give one pupil in each pair a set of ten mathematical words. (e.g.
quadrilateral, parallel, obtuse).
This pupil must try to communicate these words so that their partner can write them down,
without using the words themselves, without drawing and without gesticulating in any way.
They can only do this by explaining what the word means.
One variation of this game involves banning certain words from being used in the
explanation. For example, the pupil may try to communicate the word ÔsquareÕ without
using the words ÔfourÕ, Ôstraight sidesÕ and so on.
Sets of cards with suitable mathematical terms (and banned
words) are sold under the title "Fourbidden". These may be
obtained from the Association of Teachers of Mathematics
at http://www.atm.org.uk/buyonline/products/act013.html
Fostering and managing collaborative work Handout 8
r1 © 2008 Bowland Charitable Trust Page 1 of 1
8 Suggested further reading:
How can we be sure that the classroom encourages talk for learning? Here is what
research shows.
Alexander R (2008) Towards Dialogic Teaching: rethinking classroom talk (Dialogos
Cambridge
http://www.robinalexander.org.uk/docs/TDTform.pdf
What are the characteristics of talk for learning?
Mercer, N. (2000). Words and Minds. London: Routledge.
Improving learning in mathematics Ð through collaboration
Swan, M. Improving Learning in Mathematics, The Standards Unit.
http://www.ncetm.org.uk/files/224/improving_learning_in_mathematicsi.pdf
A research study into the design of collaborative classroom activities
Swan, M. (2006). Collaborative Learning in Mathematics: A Challenge to our Beliefs and
Practices. London: National Institute for Advanced and Continuing Education (NIACE);
National Research and Development Centre for Adult Literacy and Numeracy (NRDC).
Making your interactive whiteboard really interactive.
Tanner H & Jones S (2007) How interactive is your whiteboard?, Mathematics Teaching
#200, ATM, Derby
 http://www.atm.org.uk/mt/archive/mt200files/ATM-MT200-37-41-mo.pdf
This article is about practice in a primary school but has a lot to say to secondary school
teachers.
Williamson V (2007) Group and individual work, Mathematics Teaching #195, ATM, Derby
http://www.atm.org.uk/mt/archive/mt195files/ATM-MT195-42-45-mo.pdf
Figure 2.7: Fostering and managing collaborative work: handouts 7 and 8.
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Since the follow-up session materials and the other module materials use
a similar template and structure, an inspection of the materials indicated
that the engagement characteristics are consistent across all the materials.
However, as I have explained, this is simply a face analysis in order to
get a sense of the PD characteristics. In the next chapter, I develop a
conceptual framework for identifying underlying processes in terms of how
teachers use the materials and how they engage with the materials. For this
I used social learning theory and observational learning processes which are
a component of social learning theory.
To conclude this chapter I consider the theory used to conceptualise
professional learning in the PD.
2.4 Theoretical basis for the PD design
In this section, I present an analysis of the professional learning theory
which underpins the Bowland PD materials. Within the materials there
is no explicit account of the underlying theory. During the four years I
worked with the Shell Centre the theoretical approach was explained to
me by Malcolm Swan. I was also able to analyse research by Swan (e.g.
Swan, 2006a,b; Swan, Pead, Doorman, and Mooldijk, 2013) to identify the
thinking underpinning the design. Drawing on this evidence, I present the
following critique of the theoretical approach.
In brief, the theory underpinning the PD materials is based on the
relationship between teachers’ beliefs and the way they teach. This follows
Swan’s previous research and design work in professional development.
A likely origin of this theoretical perspective is a philosophical article
by Fenstermacher (1978). He argued against a prevalence of research into
teaching effectiveness which was based on a process-product approach which
he characterized as follows:
Students in several classrooms are tested before and after in-
struction. Teachers are observed and their behavior is recorded
during the interval between tests. Data from tests are then ana-
lyzed in relation the descriptions of teacher performance during
the interval, as the researcher attempts to account for varying
degrees of student gain from pretest to posttest by identifying
relations between student gain (product) and teacher perfor-
mance (process) (Fenstermacher, 1978, p. 160).
Fenstermacher (1978) criticised the process-product approach because
of the difficulty of causality. He argued that teachers’ beliefs mediate be-
tween process and product and, moreover, for a change in teaching it is
necessary to consider and change teachers’ beliefs.
Thompson (1984) explored this empirically and sought to identify the
nature of the relationship between teachers’ beliefs and their teaching.
She built on Fenstermacher’s (1978) ideas and hypothesised a relationship
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between “. . . teachers’ conceptions (their beliefs, views, and preferences)
about subject matter and its teaching . . . ” (p. 105) and the “instructional
practices characteristic of their teaching” (p. 105).
Her research was based in the US, she used a case study method with
three junior high school teachers. Data collection involved two weeks of ob-
servation, followed by a further two weeks of observation with post-lesson
interviews. Teachers were also given tasks to elicit views about various
aspects of mathematics teaching. The analysis was ongoing through the
data collection: “As each case study proceeded, the analysis of the accumu-
lated observational and theoretical notes provided new foci for subsequent
observation and interviews” (Thompson, 1984, p. 108).
Thompson found two of her case studies, Jeanne and Lynn, viewed
mathematics as a “static body of knowledge” (p. 119). Jeanne’s teach-
ing focussed on developing conceptual understanding with an appreciation
of mathematics “as a set of integrated and interrelated topics” (p. 119).
Lynn focussed on the teaching of rules and procedures. The third case
study, Kay, held a “dynamic view of mathematics” (p. 109), and “referred
to the heuristic processes of mathematics, discussing them independently
of the content being studied” (p. 109). Although Thompson acknowl-
edged that the relationship between teachers’ beliefs and what they do in
the classroom was highly complex, she contended that beliefs “play a sig-
nificant, albeit subtle role in shaping teachers’ characteristic patterns of
instructional behavior” (p. 125).
The research was intended to test the hypothesis that teachers’ beliefs
were related to the way in which teachers behave in the classroom. This
is a plausible proposition. What weakens this claim is that there was no
attempt to check for rival explanations or rival theory. The study, in itself,
would perhaps be reasonable were it not for the fact that this empirical work
has been used as the foundation of a subsequent theoretical project which
features little further empirical investigation of the relationship between
teachers’ beliefs and practices.
For example, Ernest (1989) proposed further elaboration to the theory.
He suggested:
. . . the practice of teaching mathematics depends on [. . . ] the
teacher’s mental contents or schemes, particularly the system of
beliefs concerning mathematics and its teaching of mathematics
and its teaching and learning (Ernest, 1989, p. 249).
Thus, according to Ernest, the way mathematics is taught is depen-
dent on teachers’ beliefs about mathematics and mathematics teaching and
learning. For example, a teacher who teaches in a traditional way is likely
to hold beliefs about mathematics as a static body of knowledge and that
learning involves skill mastery. On the other hand, a teacher who adopts
a problem-solving orientation sees their role more as a facilitator and that
mathematics is a dynamic field of human creation (Ernest, 1989).
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Importantly, Ernest recognised that teaching also depends on the “social
context of the teaching situation” and the “constraints and the opportuni-
ties it provides” (p. 249). However, he focused on the relationship between
beliefs and practices in the development of his theory
Swan used beliefs theory as the basis for the design of professional devel-
opment. He suggested that since much mathematics teaching is traditional
and teacher-centred (Swan, 2006a, pp. 44-45), professional development
should present a challenge to existing beliefs and allow teachers to develop
beliefs that are more consistent with student-centred approaches (p. 173).
He illustrated these principles in the context of a professional development
programme for mathematics teachers in further education:
In this project I asked teachers to suspend their current stated
beliefs and to act as if they believed differently. I gave teachers
‘official’ permission to change and provided a culture in which
they could do so. An ‘official’ sanction for the course was given
by LSDA [Learning and Skills Development Agency] and an
Ofsted inspector. They could always blame us if things went
wrong. I attempted to reduce the perceived negative constraints
by providing teaching materials consistent with developing the-
ory. Through the use of video, I provided stimuli and I hoped
would provoke new anticipations. The teachers used these to
help them enact these new approaches. I also encouraged teach-
ers to share their interpretations of what happened. This may
have helped teachers to modify their interpretive filters (Swan,
2006a, p. 177).
Swan (2006a) explained that beliefs do not change as a result of rec-
ommendation or persuasion but through an experience in which they have
opportunity to behave in a way that is consistent with a different set of
beliefs. He drew on Guskey’s (2002) view of change in this respect.
Swan (2006a) developed a set of principles; these have been used to
guide the design of other professional development including the Bowland
PD materials:
1. Establish an informal candid culture in which existing be-
liefs are recognised, made explicit and are worked on in a
reflective non-judgemental atmosphere.
2. Illustrate vivid, contrasting practices and discuss the be-
liefs that underpin these. These may provide ‘challenge’
or ‘conflict’.
3. Ask teachers to ‘suspend’ disbelief and act in new ways
‘as if they believed differently’. Offering mentoring and a
network of support as they do this.
4. Encourage teachers to meet together and reflect on their
new experiences and the implication that these offer.
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5. Ask teachers to reflect on and recognise the growth of new
beliefs (Swan, 2006a, p. 178).
In my analysis of the PD materials it can be seen how these are op-
erationalized in the Bowland PD. The introductory session gives teachers
chance to reflect on their own perspective. Activity 1 and 2, in the Fostering
and Managing Collaborative Work module provide space for reflection as
new ideas and approaches are introduced. “. . . vivid, contrasting practices”
are illustrated through the use of video. Teachers are then encouraged to
“suspend disbelief” and try out the approach in the into-the-classroom
phase of the PD. Finally, teachers are asked to meet up and reflect on their
own experiences in the module follow-up session.
The difficulty with the Bowland Professional Development materials is
that they are not intended to be led or supported by an ‘external’ expert.
A professional development leader who comes from outside the school or
department may be in a position to discuss participating teachers’ beliefs,
while a colleague or head of department may find this more difficult.
There were criticisms of the theoretical relationship between beliefs and
practices. There are problems defining beliefs (Goldin, Ro¨sken, and To¨rner,
2009; Pajares, 1992) and challenges to the validity of the construct, as
Mason (2003) argues “[it] is not clear to me that beliefs exist, or that people
actually even hold ‘beliefs’ ” (Mason, 2003, p. 288). Social context has an
impact on how beliefs become enacted (Ernest, 1989; Gates, 2006; Lerman,
2002; Llinares and Krainer, 2006) and this presents challenges in relating
beliefs and practices and this is not taken into account adequately (Gates,
2006; Lerman, 2002). A recent review of beliefs literature concluded that
“. . . beliefs about the teaching and learning of mathematics of teachers at
all levels are affected by a range of factors and can be context and student
dependant” (Forgasz and Leder, 2008, p. 187). It has been observed that
there is often a difference between teachers’ behaviours and the beliefs they
claim to hold—the difference between enacted and espoused beliefs (Ernest,
1989; Fang, 1996; Skott, 2009).
In spite of the problematic nature of theorizing PD in terms of beliefs, I
take a position in this research that reflects the views of Wilson and Cooney
(2002):
[T]here does not appear to a consensus about what constitutes
beliefs or whether they include or simply reflect behaviour.
Generally speaking neither does there seem to be agreement
about the notions of teachers’ conceptions or teachers’ cogni-
tions. However, regardless of whether one calls teacher thinking
beliefs, knowledge, conceptions, cognitions, views, or orienta-
tions with all the subtlety these terms imply or how they are
assessed [. . . ] the evidence is clear that teacher thinking influ-
ences what happens in classroom, what teachers communicate
to students, and what students learn (Wilson and Cooney, 2002,
p. 144).
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It is my view—and based on the evidence in the discussion presented in
this section—that there a fundamental problems in relating teacher beliefs
with teaching practice. Teacher cognition and thought processes are im-
portant. A similar position is taken by Schoenfeld (2010), that the basis for
much of our behaviour is underpinned by our intentions and our thinking.
[W]hat people do is a function of their resources (their knowl-
edge, in the context of available materials and other resources,
goals (the conscious and unconscious aims they are trying to
achieve), and orientations (their beliefs, values, biases, disposi-
tions etc.) (Schoenfeld, 2010, p. xiv).
However, of importance is the social context (as was identified by, for
example, Ernest (1989) and Swan (2006a) and based on my own experience
as teacher and head of department) of teaching and the constraints and
limitations this presents. In this research and in the development of theory
in relation to professional learning, I believed the social context should be
accounted for, this prompted me to use a social learning theory approach
which I describe in the next chapter. At the same time I wanted to account
for individual cognition. The integration of a sociological and psychological
(Miller and Dollard, 1945) output is a unique feature of social learning
theory.
2.5 Summary and conclusion
In this chapter, I focussed on the PD materials. In order to explore the ma-
terials in depth, I developed an analytic framework through synthesising the
findings from three studies concerned with the effectiveness of professional
development. I identified four characteristics of professional development
effectiveness: PD leadership; collective participation; engagement and co-
herence. I used these characteristics as a framework for analysing the PD
materials.
In the critical analysis of the PD materials I considered their potential
for engagement. Further assessment took place, across all the character-
istics, in the main part of this research. At this stage, looking at the
materials themselves, I concluded that the PD materials have a number of
features that make them engaging. The materials feature a range of pre-
sentational devices, including video, graphics and text and are attractive
and stimulating. They are organised and structured into a series of ac-
tive learning episodes. They encourage teachers to experiment with their
teaching. Overall, from this analysis, the materials appear engaging. I
analysed the materials in terms of their coherence. They cohere with Na-
tional Curriculum aims in that the materials promote student engagement
and problem solving. The issue of coherence was further analysed when
the PD was used.
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Finally, in this chapter, I conducted an analysis of the underlying the-
oretical assumptions in the PD materials. This is based on a theoretical
relationship between teachers’ beliefs and practices. I conclude that the
teacher thinking, beliefs and perspectives are important in shaping prac-
tice. However, it is necessary to take account of the social context and the
influence this has on teaching. This I consider further in the next chapter.
In the next chapter, I develop a conceptual framework for this research
using social learning theory and integrate the effectiveness characteristics
identified in this chapter.
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Fostering and managing
collaborative work
ÔHow can I get pupils to stop talking and start discussing?Õ
Into the classroom
The following suggestions describe one possible approach to using the problems with
pupils. This may take one or two lessons, depending on the class.
Introduce the problem and pupils think on their own 5 minutes
Issue each pupil with a copy of just one of the problems. Introduce the problem to the
class. In the case of Treasure Hunt, do a few moves with them on the interactive
whiteboard so that they understand what to do.
Explain the purpose of the lesson and give pupils two minutes to think about the problem
on their own.
The aim of today's lesson is to see how well you can work with a partner to solve a
problem. But first I want you to spend two minutes reading the problem quietly on
your own so that you have time to think about the problem before you start
discussing it. Jot down your own ideas on paper.
Pupils share their ideas in pairs 10 minutes
Explain that you now want them to work in pairs, taking it in turns to share their ideas.
Now I want you to work in pairs.
Take turns at explaining your ideas for tackling the problem.
Listen carefully to each other. If you donÕt understand what is said then challenge
your partner to explain themselves more clearly.
When you have both explained your ideas, then try to agree on the best approach
together.
Discuss some helpful ways of working 10 minutes
Give out copies of   Handout 3 and make the point that people don't learn by simply
agreeing or disagreeing, but by following these "ground rules". Ask a few pupils to say
which ground rule they find most helpful.
Pupils have another go at the problem 25 minutes
Ask pupils to discuss the problem again using the ways of talking in the ground rules. As
Try to listen to pupils' discussions before intervening. Then join in the group asking them
gently to describe, explain and interpret without judging their responses as 'good or bad'.
Above all, do not do the thinking for pupils.
If possible, tape-record one 5 minute episode of a pupil-pupil discussion, for
use in the follow-up meeting.
Fostering and managing collaborative work Into the classroom
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Pupils share solution strategies 10 minutes
Conclude the lesson by inviting pupils to share their reasoning with the whole class.
Emphasise that you want to hear reasoning, not just their answers. As pupils present their
ideas, ask other pupils to comment on the advantages and disadvantages of each
approach.
Congratulate them on the ground rules they have used and ask them to consider where
they still need to improve.
An optional activity: Pupils watch a video of other people working together
In order to help pupils reflect on the ground rules further you may like to ask them to tackle
the problem:
How many people can comfortably stand on a football pitch?
Show the video clip of teachers discussing the same problem (in the Introductory session
for this module on the DVD/website). Stop the video and ask the class to discuss what was
good about the discussion they saw and what could be improved. They might like to begin
by commenting on the mathematics and then on the way in which the teachers discussed
together. Refer again to   Handout 3.
Figure 2.8: Fostering and managing collaborative work PD module, into the classroom, Suggested lesson plan.
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Social Learning Theory
This chapter builds on the ideas presented in the previous chapter. Here, I
consider theory in relation to mathematics teachers’ professional develop-
ment. I draw on previous research as a platform for this and undertake an
analysis of existing perspectives in order to derive a theoretical framework
for the research.
In the previous chapter, I presented an analysis of the Bowland PD
materials. I used an analytic framework which I developed from a review
of research into what makes professional development effective. A criticism
of that research was related to the methodological challenge in determining
what makes PD effective. I saw this challenge in terms of relating processes
and actions in the PD to what goes on in the classroom.
The research I examined in the previous chapter suggested that profes-
sional development is sensitive to context and, importantly, how complex
those contexts are. Taking the example of the study undertaken by Desi-
mone et al. (2002), results were influenced by the type of PD and context
(with a number of complex variables representing context). PD research
is implicitly difficult to generalise. If a statistical approach to generalisa-
tion were adopted, there would be difficulties in controlling variables and
establishing causality through the random assignment of the PD.
In this chapter, I attempt to address this issue and introduce theory
that has the potential to be overarching in respect to reform-oriented pro-
fessional development for mathematics teachers. That is, where the aims of
the PD are intended to support mathematics teachers in moving away from
or supplementing prevalent teacher-centred practices. Although, I believe
the theory I present here, has much wider potential application in teachers’
professional development.
In the first part of the chapter I review research to illustrate the lack of
overarching theory and that PD research does not have a strong theoretical
base.
In the second part of the chapter, I introduce social learning theory
as a potential overarching theory; I present a critical analysis of social
learning theory and consider mathematics teachers’ professional develop-
ment from this perspective. Finally, I integrate the analytic framework
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developed in the previous chapter—the PD effectiveness characteristics of
leadership; collective participation; engagement ; time and coherence—with
social learning theory.
I begin with an analysis of research into mathematics teachers’ profes-
sional development to demonstrate the lack of overarching theory; from
this I justify the choice of social learning theory as a guiding theory in this
research.
3.1 Research into mathematics teachers’ pro-
fessional development
In this section, I present an analysis of the characteristics of research into
mathematics teachers’ professional development. For this purpose, I drew
on an extensive review of research conducted by Adler, Ball, Krainer, Lin,
and Novotna (2005). I selected this review since it was the most com-
prehensive review, carried out in recent years of research in this area: it
was unique in its scale and scope. However, I do not rely solely on one
review—in spite of its comprehensiveness—I compare the claims arising
from this review with other research and positions espoused by prominent
researchers.
Adler et al. (2005) reviewed research into both initial teacher education
as well as the professional development of practising mathematics teachers;
the findings of this review provided a valuable basis for understanding the
field of research into mathematics teachers’ professional learning. They
analysed a range of research published internationally over a period of
four years between 1999 and 2003. They considered 300 papers relating
to teacher education, further elaborated through a focussed study of 160
papers. The main finding was that the majority of papers related to small-
scale, qualitative studies:
. . . there are 98 (out of 160, more than 60%) papers where there
were fewer than 20 teachers in the study. Taking out those 15
papers that don’t include empirical data or don’t claim to be
empirical, the percentage is even near 70% (98 out of 145).
Hence, we observed that a significant percentage of papers are
small case studies (Adler et al., 2005, p. 369).
They inferred from this, that because teacher education research is an
emerging field, it was likely that the character of the research was ex-
ploratory and not concerned with developing knowledge and theory, “. . . it
is a natural state that particularization comes before generalization for an
emerging field” (p. 370). However, the authors also pointed out the draw-
backs in this, in terms of developing understanding of professional learning
in a more general sense. They pointed out the absence of particular types
of studies, such as, large-scale studies, cross-case analyses and longitudinal
studies.
32
Chapter 3: Social Learning Theory
My assumption based on this, and consistent with Adler et al. (2005),
was that professional development research lacks a general theory in re-
lation to teachers’ professional learning. This was supported by further
observations they made that the majority of studies into teacher educa-
tion were carried out by teacher educators studying the teachers they were
working with. This has the potential for biased results and one way of
limiting bias is to have an overarching theory.
Of the articles they reviewed in the Journal for Research in Mathemat-
ics Teacher Education (JMTE), 90% were of this type. In the Proceedings
of Psychology of Mathematics Education Conferences (PME), 82% of the
papers reviewed were teacher educator research into teachers they were
working with. This, the authors argued, is reasonable since teacher educa-
tors are, as part of their work, interested in evaluating their programmes
and approaches. However, the authors pointed out the risk that this prox-
imity may have in leading to biased results: there is a danger that teacher
educators may over-claim the effectiveness or impact of programmes or
methods. One of the authors (Adler) was critical of the fact that the mo-
tives underpinning much teacher education research are actually counter-
productive in the development of an overarching project or the development
of professional learning theory.
When you have an investment in which you are teaching, it
can be difficult to take a skeptical stance towards that work.
Important questions that need to be asked might be missed.
So, one critical question is what we need to do to help ourselves
take such a skeptical stance towards that work. One way is
to invite “external eyes” to gaze in with us on what we are
doing is to develop strong and effective theoretical languages
that enable us to create a distance between us and what we are
looking at. We need to do more to develop strong language(s)
of description for researching mathematics teacher education
(commentary by Adler from, Adler et al., 2005, p. 372).
What this research described, and was consistent of my own investiga-
tion of the field, is that there is lack of “strong and effective theoretical
language” not only, as Adler et al. (2005) suggested, in order to create
distance between the teacher educator as researcher and the object of the
research, but also in order to make comparisons and synthesise the findings
of the small-scale qualitative studies that are prevalent in the field.
What I concluded from the review carried out by Adler et al. (2005)
is that there has been limited development of a coherent project across
studies. Professional development research is characterized by localised,
individual efforts driven, in the majority of cases, by researchers’/ teacher
educators’ agendas or particular areas of interest. Indeed, others have
drawn similar conclusions about mathematics teachers’ professional de-
velopment research subsequently. Jaworski (2006) considered there to be
a lack of ‘big’ theory. Ro¨sken (2011) pointed to the diversity and near
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fragmentation of theory. Consistent with Adler et al.’s review, theory in
mathematics teachers’ professional development research is underdeveloped
(Borko, 2004; Clarke and Hollingsworth, 2002). Similar characterisations
have been made about theory in teachers’ professional development re-
search more generally (Opfer and Pedder, 2011).
This prompted me to identify theory for this research that might con-
tribute to the field by providing an overarching perspective and theoretical
language for making comparisons between studies of professional develop-
ment. My proposal in this respect is social learning theory which I introduce
in the next section. Before coming to this I want offer a further point of
reference in my discussion of the field of mathematics teachers’ professional
development. To do this I draw on the review by Joubert and Sutherland
(2008).
The literature review, as part of the Researching Effective CPD in Math-
ematics Education project (RECME) (Joubert and Sutherland, 2008), at-
tempted to theorize mathematics teachers’ professional learning as part of
the process of identifying features of effective CPD from previous research.
The range of research included professional development for teachers in pre-
university phases of compulsory and non-compulsory education in England.
The review methodology does not endeavour to be systematic unlike the
review undertaken by Adler et al. (2005). However, the attempt to theorize
professional learning is important. Since, and as was pointed out by Adler
et al. (2005), there is a need to develop a theoretical language to synthesise
the findings of what are often small-scale teacher-educator lead studies.
Joubert and Sutherland (2008) drew on theory developed by Eraut (1994).
What is particularly important in Eraut’s (1994) work is the considera-
tion of informal learning—tacit knowledge that is communicated in complex
ways from experienced practitioners to novices—as well as more formal
learning, such as, participation in courses or programmes. Eraut (1994)
recognised the strength of informal learning in comparison to the formal
aspects of professional learning. Informal learning has greater influence
over professionals’ behaviour and practice than formal courses.
Teachers predominantly learn through practice, developing per-
sonal knowledge related to teaching and learning that is mostly
tacit, uncodified and difficult to uncover. By contrast cultural
knowledge includes the codified knowledge of the academic com-
munity and the know-how of the profession. Whereas CPD
tends to focus on cultural knowledge, the literature suggests
that very little of this is usable as it stands. It has to be trans-
formed into a form that suits the user’s practical context and
purpose (Joubert and Sutherland, 2008, p. 27).
Eraut’s perspective is also consistent with social learning theory, as I
will discuss in the next section. The drawback with Eraut’s theory is that
it is based on the study of professional development in other fields.
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To summarise this section: I considered a review which characterized
professional development research as small-scale, qualitative and lacking
the development of overarching theory (Adler et al., 2005). A second re-
view (Joubert and Sutherland, 2008) synthesised existing research and used
theory developed by Eraut (1994) to explain professional learning as a com-
plex interplay between informal (tacit on-the-job learning) and formal (PD
courses and programmes).
As a consequence, I identified the need for theory in this research that
had sufficient scope to explain professional learning and that had the po-
tential to provide an overarching theoretical language. One characteristic
identified in this review was that theory (following on from Eraut, 1994)
should account for both formal learning and informal tacit learning. This
was influential in my selection of social learning theory. In the next section
I introduce this theory and examine its appropriateness.
3.2 Social learning theory
I focus here on social learning theory (also referred to as social cognitive
theory) as developed by the Canadian psychologist Albert Bandura. I
selected this theory because it offers a comprehensive theory of learning
and behaviour and has the potential to provide a theoretical language for
professional development as suggested by Adler et al. (2005). My use of
this theory in this research builds on my own previous analysis (Watson,
2013) based on Schoenfeld’s framework (2008) for assessing theory.
Social learning theory also reflects the issue I identified in the previous
chapter, that is, the importance of individual learning and the effects of the
social setting. As Miller and Dollard (1945) pointed out, a social learning
theory perspective integrates the perspectives of psychologists with those
of the sociologists. This has become an emergent but prominent feature
of my analysis so far—in professional learning it is important to consider
individual learning and cognition and the effects of the social and cultural
setting concurrently.
Social learning theory consists of three components: observational learn-
ing, reciprocal determinism and self-efficacy (see, Bandura, 1977, 1986,
1997). I will describe and present a critical analysis of each of these in turn
and in the context of mathematics teachers’ professional development for
problem solving.
3.2.1 Observational learning
Central to social learning theory is observational learning: that we learn
primarily by observing others’ behaviour. Building on the work of earlier
social learning theorists (in particular, Miller and Dollard, 1945), Bandura
conducted a study of how aggressive behaviour might develop in children
as a result of observing aggressive and violent behaviour. This research
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was, in part, prompted by an interest in the effects of television violence
on children. In these observational experiments (Bandura, Ross, and Ross,
1961) tested 36 boys and 36 girls from the Stanford University Nursery
School aged between 3 to 6 years old. They observed adults’ violent be-
haviour toward a Bobo doll. They found that the children not only imitated
the behaviour of the adults, but also developed novel violent behaviours
based on what they had observed, “. . . subjects learnt to combine frac-
tional responses into relatively complex novel patterns solely by observing
the performance of social models” (Bandura et al., 1961, p. 580). The
researchers concluded that the children had constructed new patterns of
behaviour based on the patterns they had observed.
From this Bandura developed a theory of observational learning in both
children and adults. Although he based his theory principally on this kind
of experimental research, he also provided justification from general ob-
servations that observational learning is a necessity in order that new be-
haviours can be developed without continual trial and error. This builds
on previous work by Miller and Dollard (1945). He proposed that learn-
ing takes place through two types of mechanism: response consequences
or learning through modelling, thus, he suggested, “new response patterns
can be acquired either by direct experience or by observation” (Bandura,
1977, p. 16). Direct experience or response consequences are a result of
the positive and negative effects that our actions produce and the influence
that has on our behaviour i.e. trial and error. He summarised his argument
for observational learning as follows:
[F]rom observing others[,] one forms an idea of how new be-
haviors are performed, and on later occasions this coded infor-
mation serves as a guide for action. Because people can learn
from examples what to do, at least in an approximate form,
before performing any behavior, they are spared needless error
(Bandura, 1977, p. 22).
This claim relies heavily on experimental studies involving young chil-
dren (for example, Bandura and Huston, 1961; Bandura et al., 1961). Al-
though it is reasonable to assume that when adults are required to learn
new behaviours, observational learning is an important mechanism. The
biggest drawback is that Bandura did not draw on studies of observational
learning of adults. Moreover, there are limited empirical studies into obser-
vational learning in teacher education or indeed education more generally.
Having said this, observational learning has not escaped prominent re-
searchers in education, although not from a social learning theory perspec-
tive. For example Lortie (2002) described the importance of observational
learning in becoming a teacher as an apprenticeship of observation.
Those who teach have normally had sixteen continuous years of
contact with teachers and professors. American young people,
in fact, see teachers at work much more than they see any other
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occupational group; we can estimate that the average student
has spent 13,000 hours in direct contact with classroom teachers
by the time he graduates from high school (Lortie, 2002, p. 61).
Lortie’s idea of an apprenticeship of observation is based on a synthesis
of his and others’ research but is not directly substantiated through empir-
ical study. Stigler and Hiebert (1999) made similar claims, as part of the
TIMSS video study: through the observation of teaching, as a student and
as a student teacher, a teacher constructs a mental model of teaching.
Stigler and Hiebert’s (1999) influential work, The Teaching Gap, used
video-recordings of an international sample of eighth-grade mathematics
teachers. Lesson videos were coded and from the analysis Stigler and
Hiebert were able to build up a description of teaching in each country.
From this they claimed the existence of similar patterns of practice in each
of the three countries, USA, Germany and Japan. Their explanation of
why teachers, within a culture, followed similar patterns within lessons was
based on observational learning. They introduced the idea of a “cultural
script” which is “. . . generalized knowledge about an event that resides in
the heads of participants” (loc. 1098). They elaborate further:
These scripts guide behavior and also tell participants what to
expect. Within a culture, these scripts are widely shared, and
therefore hard to see (Stigler and Hiebert, 1999, kindle edition
location (loc.) 1098).
This is consistent with a social learning theory perspective on observa-
tional learning. “Cultural scripts are learnt implicitly, through observation
and participation, and not by deliberate study” (Stigler and Hiebert, 1999,
loc. 1102). They proposed that professional learning takes place and prac-
tices sustained through observational learning.
Teaching, like other cultural activities, is learned through infor-
mal participation over long periods of time. It is something one
learns to do more by growing up in a culture than by studying
it formally.
Although most people have not studied to be teachers, most
people have been students. People within a culture share a
mental picture of what teaching is like. We call this mental
picture a script. The script is, in fact, a mental version of the
teaching patterns we have observed [in the research]. (Stigler
and Hiebert, 1999, loc. 1112-1116).
Observational learning represents a plausible explanation for learnt be-
haviour. However, in the context of teaching, it has not been explored
directly in research—there is an absence of empirical study. Yet here, I
hypothesized that observational learning plays an important part in the
way traditional teacher-centred practices are learnt and sustained. I also
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suggest that observational learning can be used to explain how teachers
might learn new approaches and patterns. I therefore used observational
learning—within the wider framework of social learning theory—as a basis
for theorizing professional learning.
Observational learning sub-processes
I also wanted to go deeper into this and have a framework from which I
could analyse teachers’ observational learning in the context of the PD. This
was prompted by my interest in understanding what it was teachers noticed
and attended to in the PD sessions and in regard to the PD materials as
a whole. This also related to my discussion of engagement presented in
the previous chapter. Using a theoretical framework provided the basis for
understanding the processes of professional learning in closer detail—the
‘how? ’ and ‘why? ’ of transferring ideas in the PD into the minds of the
teachers and on to the classroom.
For this I used Bandura’s observational learning sub-processes (1977)
(summarised in Figure 3.1). These are attention, retention, production and
motivation.
Attentional processes control how individuals explore and perceive ob-
served behaviours. Retentional processes involve the transfer of the ob-
served behaviour into “symbolic conceptions” (Bandura, 1986, p. 51) which
provide, “internal models for response production” (p. 51). Production
processes involve the conversion of the symbolic codification of observed
behaviours into action and finally the motivation processes address how,
out of the numerous behaviours observed and symbolically retained, certain
behaviours are constructed and enacted (1986, p. 51).
Figure 3.1: Observational learning sub-processes (Bandura, 1986, p. 52).
I considered the attentional processes in investigating what it was that
teachers attended to and noticed in using the PD . These determine what
is selectively observed and, according to Bandura (1986, pp. 51-52), are
dependent on the model (the observed behaviour) and on the observer.
The characteristics of the modelled events (the behaviour that is being
observed) that Bandura (1986) identified were: salience, affective valency,
complexity, prevalence, accessibility and functional value. These character-
istics suggest that observed behaviour has certain noticeable aspects that
must stand out or have some form of emotional significance. Observed
behaviours must also have the appropriate degree of complexity—complex
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enough to be interesting and have value, but not too complex as to be
inaccessible. The idea of prevalence suggests that that observed behaviour
has some degree of authority. Finally, the observed behaviour must appear
to have use: it must have functional value.
In terms of observer attributes, Bandura (1986) suggested the following
attentional sub-processes of observational learning as: perceptual capabili-
ties, perceptual set, cognitive capabilities, arousal level and acquired prefer-
ences. The observer, in order to observe behaviours, must therefore have
the appropriate cognitive and sensory powers in order to observe behaviours
(perceptual capabilities) at the same time predispositions must not place
the observed behaviour outside of sensory perception (perceptual set). At
a cognitive level, the observer must have the appropriate capabilities and
at an affective level, they must have appropriate levels of arousal.
I further investigated how teachers implemented the ideas presented
in the PD. For this I used the production and motivational processes as
frameworks. Production processes are the mechanisms by which teachers
convert symbolic conceptions into action. According to Bandura (1986) ac-
tion is a consequence of, “. . . organizing responses spatially and temporally
in accordance with the conception of the activity” (p. 63).
Conception-matching processes take place as part of production pro-
cesses. This involves cognitions of response patterns, initiation of response
and matching action to conception through making adjustments to be-
haviour. Actions are based on combining components into new patterns
which may be a complex and multi-faceted skill.
Motivational processes reflect the distinction made in social learning
theory between, “acquisition and performance” (Bandura, 1986, p. 68). In
other words, a person can acquire the knowledge of how to do something
but may never use it. There are three sources of motivation to implement
observed behaviours: “direct, vicarious, and self-produced” (1986, p. 68).
Direct sources of motivation are where external incentives reward cer-
tain observed behaviours (see, Bandura and Barab, 1971, cited in Bandura,
1986, p. 68). Vicarious sources of motivation mean that those observed
behaviours that appear to be effective for others are preferred (see, Ban-
dura, 1965b, cited in Bandura, 1986, p. 68). Finally, self-produced sources
of motivation are personal preferences and reflect personal values (Hicks,
1971, cited in Bandura, 1986, p. 68).
Retention processes represent the symbolization of observed behaviour.
While, Bandura (1986, pp. 56-57) considered there to be two representa-
tional systems—imaginal and verbal constructions—I also consider there
to be a narrative dimension that is episodic rather than as relatively static
images and verbal ‘rules’. The episodic nature of memory also carries with
it an affective signature (Nespor, 1987).
Overall, the decisions people make to take various courses of action and
behave in particular ways is dependent on self-efficacy beliefs. People do
the things they believe they are more likely to do be successful with. As
such it is important to distinguish between having the capacity to make
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something happen and the mechanisms by which it take place. “. . . people
try to generate courses of action to suit given purposes. . . ” (Bandura,
1997, p. 3).
While Bandura developed the observational sub-processes theoretically,
as has been his style, he drew on evidence from his and others’ studies of
observational learning (see, for example: Abravenal, Levan-Goldschmidt,
and Stevenson, 1976, cited in Bandura, 1986, p. 51). Therefore, I believed
it was reasonable to use this as a framework to analyse teachers’ observa-
tional learning in this research and provide explanation for observational
learning in relation to the PD. I explain how I did this in more detail in
the next chapter.
In this section I have considered observational learning as a component
of social learning theory. I now move on to another aspect, that of reciprocal
determinism.
3.2.2 Reciprocal determinism
A further important concept in social learning theory is that of reciprocal
determinism which is also referred to as triadic determinism. This sug-
gests the reciprocal relationship between environment, the individual and
behaviour. Unlike the other components of social learning theory, recip-
rocal determinism provides a higher-level organising principle which links
together observational learning and self-efficacy. As such, reciprocal de-
terminism does not lend itself to direct empirical testing but is indirectly
supported with evidence from the investigation of observational learning
and self-efficacy.
What is important about reciprocal triadic determinism is that it is the
conceptual basis, in social learning theory, for linking the psychological with
the social setting and cultural context. Observational learning has greater
emphasis on individual learning and psychological processes, even though
there are implicit and necessary social processes. Reciprocal determinism
conceptualises the relationship between the cognitive and social and places
observational learning within an organising scheme.
The most effective way of explaining reciprocal triadic determinism is
through a description of the way it was developed by Bandura (1977).
He began with a fundamental symbolic representation of behaviourism,
B = f(E). Behaviour, B, is a function of environmental stimuli, E. This
is a behaviourist view of the formation of behaviour: our behaviours are
a response to external stimuli. From the direct response to stimuli there
grew interest in individual thought and cognition in the formation of be-
haviour. This is later developed to give B = f(P,E). So, behaviour, B, is
actually some function of the individual, P, and the environment, E, —the
person is not a passive responder to stimuli, the individual contributes to
their behaviour with their own ideas and motivations. Bandura then con-
sidered there to be reciprocal interaction between the individual, P, and
the environment B = f(P ←→ E). Now the individual is represented as
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having an influence on their environment and vice versa. Behaviour is a
function of this reciprocal interaction. Bandura’s final move was to make
this relationship triadic and reciprocal (see Figure 3.2).
Figure 3.2: Reciprocal determinism (Bandura, 1977, p. 10) B signifies
behaviour, P the person and E the environment.
Bandura summarised it thus:
Personal and environmental factors do not function as inde-
pendent determinants, rather they determine each other. Nor
can ‘persons’ be considered causes independent of their behav-
ior. It is largely through their actions that people produce the
environmental conditions that affect their behavior in a recipro-
cal fashion. The experiences generated by behavior also partly
determine what a person becomes and can do which in turn,
affects subsequent behavior (Bandura, 1977, p. 9).
In such a way then, the social context influences the individual’s be-
haviour and thinking. How we think and behave is influenced by the social,
environmental and contextual setting and can be seen as the individual re-
sponding to prevailing norms and modes of behaviour. At the same time
thinking and behaviour influence the social setting and environmental con-
text (and indeed permits us agency). This aspect of social learning theory
further contributed to my decision to use this theory. As I highlighted
earlier, it was important that professional learning theory account for both
individual cognition as well as the social effects. Reciprocal determinism
provides a theoretical basis for this observation.
Like with observational learning, prominent scholars in professional de-
velopment research have also proposed that research should consider indi-
vidual thinking as well as the social influence on learning, although they
made no reference to social learning theory. Most notably, Borko (2004), ar-
gued for a situative perspective in professional development research. This
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is how she characterized a situative perspectives in relation to classroom
research.
Research in a situative tradition allows for multiple concep-
tual perspectives and multiple units of analysis. These multi-
ple perspectives provide powerful tools for understanding stu-
dent learning in classroom settings. Using psychological con-
ceptual frameworks and the individual as the unit of analy-
sis, researchers can study students’ activities as individuals and
their evolving knowledge and understanding. They can use so-
ciocultural conceptual frameworks and the group as the unit
of analysis to examine the social context of the classroom and
patterns of participation in learning activities. Both perspec-
tives are essential to understanding how students learn through
participation in classroom practices (Borko, 2004, p. 4).
This can be applied to professional learning where we consider teach-
ers as individuals from a psychological perspective and as participants in
groups in departments and schools. Within the situative perspective, re-
ciprocal or triadic determinism can be seen.
There is further evidence of a reciprocal deterministic perspective abroad
in professional development research. Clarke and Hollingsworth (2002) pro-
posed an Interconnected Model of PD, which has much in common with the
situative approach suggested by Borko (2004). The Interconnected Model
linked a personal domain of knowledge and beliefs with the external domain
of information and stimuli and the domain of practice which is concerned
with professional experimentation (Clarke and Hollingsworth, 2002, pp.
950–951).
The literature review conducted as part of the RECME study (Joubert
and Sutherland, 2008) also identified the situated nature of professional
learning. It drew on broader professional learning literature and points
to the complex interplay between informal on-the-job learning and formal
learning as part of a PD programme (Eraut, 1994).
The introduction of reciprocal or triadic determinism is an important
move in this research. It marks a significant development in thinking about
learning and in particular the professional learning of mathematics teachers.
Mathematics education research is influenced by two groups of theory (for
an analysis of this, see Lerman, 2002, for example).
The first, constructivism, is influenced by the thinking of Vygo¨tsky and
Piaget. While there is a great deal of variance in constructivist learning the-
ory, similar principles are shared: that thinking and cognition is influenced
by the social context, situation or environment and learning processes are
principally psychological (Schunk, 2013, p. 232). Cognition then influences
behaviour. The influence of the constructivist perspective can be seen in
the discussion of teacher beliefs. Teachers construct beliefs about teach-
ing and learning mathematics through contextual experience—to change
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beliefs requires a reconstruction through challenging existing beliefs com-
bined with experience. Similar principles underlie professional learning
associated with teacher knowledge.
A second theoretical position has been given increasing attention. This
gives greater emphasis to the influence of social context on behaviour
through participation in discourse communities and through peripheral par-
ticipation (Lave and Wenger, 1991; Wenger, 1998).
Social learning theory, in terms of reciprocal determinism, brings these
two strands together. Drawing attention to this and utilising an integrating
theory is, I believe, an important part of the contribution of this research.
In sum, reciprocal determinism proposes that individual thinking, be-
haviour and the social setting are reciprocally related. As such, in this
research I consider contexts, social settings, cultural settings and individ-
ual experiences within these contexts, as well as individual cognitive pro-
cesses as teachers learn through observation and in relation to their existing
knowledge and perceptions.
In the next section, I consider the final component of social learning
theory, self-efficacy.
3.2.3 Self-efficacy
The final component of social learning theory is self-efficacy, I use the fol-
lowing definition:
Perceived self-efficacy refers to beliefs in one’s capabilities to
organise and execute the courses of action required to produce
given attainments [original emphasis] (Bandura, 1997, p. 3).
According to Bandura, a person who is efficacious in a domain or set
of activities is more likely to be successful in those activities. In other
words, if you believe you can complete an activity successfully or believe
that you will be effective in a particular field, the chances are you will be
successful and effective. Of course, there are examples where we might
encourage ourselves or talk ourselves in to doing something—effectively
making ourselves believe that we will be successful. For example, I might
convince myself that I am good at cricket, where in fact my performance
in this sport is quite limited. What I would have done in this example
has been to enhance the judgement of my own effectiveness. However, this
self-concept is decoupled from my actual skill levels. Bandura is careful
to distinguish self-efficacy from other concepts of ‘self’. A key idea in the
concept of self-efficacy is the coupling of self-perception with underlying
skill.
It is therefore important to recognise the subtle difference between the
concept of self-efficacy and other views of ‘self’, for example, self-concept
or self-esteem. Self-concept is related to self-efficacy but refers to attitudes
to one’s self or self-images. It does not include the forward-orientation of
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self-efficacy or have a strong relationship with action or behaviour. Simi-
larly, self-esteem is concerned with judgements of self-worth, this contrasts
with self-efficacy which is concerned with beliefs about capabilities and
the potential to achieve certain levels of attainment (Bandura, 1997, pp.
10–11).
As I have carried out this research and also explained its theoretical ba-
sis, a frequent question that arose was: isn’t self-efficacy the same as con-
fidence? Although the concepts of individual confidence and self-efficacy
have similarities, there are important differences, as pointed out by Ban-
dura:
. . . the construct of self-efficacy differs from the colloquial term
confidence [original emphasis]. Confidence is a nondescript term
that refers to strength of belief but does not necessarily specify
what the certainty is about. I can be supremely confident that
I will fail at an endeavor. Perceived self-efficacy refers to belief
in one’s agentive capabilities, that one can produce given levels
of attainment. A self-efficacy assessment, therefore, includes
both an affirmation of a capability level and the strength of
that belief. Confidence is a catchword rather than a construct
embedded in a theoretical system (Bandura, 1997, p. 382).
Thus, self-efficacy reflects an individual’s underlying knowledge or skill-
level, as well as their capacity to deploy these effectively and strategically
to achieve successful outcomes. This explains why people with similar
knowledge and skills can perform very differently.
Efficacy beliefs operate as a key factor in a generative system of
human competence. Hence different people with similar skills,
or the same person under different circumstances may perform
poorly, adequately or extraordinarily depending on fluctuations
of personal efficacy (Bandura, 1997, p. 37).
To support his theory, Bandura drew on experimental studies that pro-
vided evidence of causation i.e. the causal link between self-efficacy and
behaviour. The issue is that self-efficacy is a “postulated cognitive media-
tor” (Bandura, 1997, p. 54) and is not directly observable. In other words
it is a construct that can be measured or assessed directly. To overcome
this Bandura proposed an approach based on a “dual causal linkage” (p.
54), where external behavioural influences were observed, the effects on
perceived self-efficacy were reported and subsequent behaviour observed.
When variation in efficacy beliefs was controlled for and no relation ex-
isted between external influence and behaviour then external influence was
mediated through efficacy beliefs. Therefore by drawing on his own and
others’ experimental studies of causality (see, Bandura, 1997, pp. 54–61),
he provided supporting evidence for his theory or at least in a Bayesian
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sense i.e. there is an increased probability that this theory is the most
likely explanation of the causal relationship between phenomena.
While this provides supporting evidence for the mediating roˆle of self-
efficacy beliefs and for self-efficacy theory more generally, there are chal-
lenges in measuring self-efficacy beliefs.
Although self-efficacy cannot be observed directly, self-efficacy scales
have been developed by Bandura (1997, 2006). These have been validated
by observing performance and comparing achievement with individuals’
perceived self-efficacy (Bandura, 1997, pp. 46–47). Bandura claimed that
carefully constructed self-efficacy scales can reveal individual perceived self-
efficacy in a particular domain (Bandura, 1997, 2006). The strategy for de-
veloping self-efficacy scales involves a description of the context e.g. teach-
ing a year ten class mathematics followed by a series of items related to
aspects of that activity. These items are worded in the form “how much can
you do to get through to the most difficult students?” (Tschannen-Moran
and Woolfolk Hoy, 2001). Respondents are asked to rate their success on
scales of 1 to 9. I will return to the teacher efficacy scale developed by
Tschannen-Moran and Woolfolk Hoy shortly.
I used Bandura’s methodology in the design of a teaching problem solv-
ing efficacy instrument which I describe in the next chapter.
What is critical in developing efficacy scales is specifying the domain of
activity and the components of the overall activity. Bandura explained that
self-efficacy is not a general characteristic of the individual but is related
to specific areas of activity or domains. This reflects the difference between
self-efficacy and other ‘self’ concepts: the close relationship between self-
efficacy and activity. Bandura explained thus:
Personal efficacy is not a contextless global disposition assayed
by an omnibus test. Rather, it is a multifaceted phenomenon.
A high sense of efficacy in one domain is not necessarily accom-
panied by a high self-efficacy in other realms (Bandura, 1997,
p. 42).
This can be problematic when it comes to measuring self-efficacy. Ban-
dura found that specifying task and activities that contribute to the domain
of interest is the major challenge in quantitative analysis of self-efficacy
(Bandura, 2006). This is especially true for teaching which is a multi-
faceted, complex activity and set of behaviours with myriad sub-skills.
However, Bandura and others (for example Tschannen-Moran and Wool-
folk Hoy, 2001; Tschannen-Moran, Woolfolk Hoy, and Hoy, 1998) have
proposed that there is a valid concept of teacher self-efficacy, that is it is
reasonable to talk of a general concept of teacher self-efficacy.
Considerable work has been done in developing teacher self-efficacy
scales by Tschannen-Moran andWoolfolk Hoy (2001) and Tschannen-Moran
et al. (1998). They defined a teacher’s self-efficacy as:
. . . a judgement of his or her capabilities to bring about de-
sired outcomes of student engagement and learning, even among
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those students who may be difficult or unmotivated (Tschannen-
Moran and Woolfolk Hoy, 2001, p. 783).
They developed an instrument which drew on previous instruments
and items used in measuring teachers’ self-efficacy. Previous teacher self-
efficacy instruments revealed sub-dimensions and factors within teaching
self-efficacy. I suggest, this reflects the complexity of teaching.
Tschannen-Moran and Woolfolk Hoy (2001) found that these prompted
considerable confusion and debate. They acknowledged that there would be
factors within a teacher self-efficacy measure and so, as part of the process
of their instrument development, they carried out a study involving 217
teachers in Ohio State (although they did not specify whether the teach-
ers were primary or secondary). They then carried out a series of factor
analyses and item development until they identified three subscales. These
were: efficacy for student engagement, efficacy for instructional strategies,
and efficacy for classroom management.
I used this instrument in this study; I explain how self-efficacy relates to
PD in the next section and how I used the instrument in the next chapter.
They conducted a final factor analysis with another 410 students. They
analysed the construct validity of their final teacher efficacy scale by cor-
relation with factors in previous measures and concluded that the new
instrument was a much improved measure of teacher self-efficacy. It has
been used widely subsequently. It has been validated across different cul-
tures through analysis of teacher responses across five countries (Klassen,
Bong, Usher, Chong, Huan, Wong, and Georgiou, 2009).
Tschannen-Moran and Woolfolk Hoy (2001) concede limitations in their
own measure.
Clearly this new scale needs further testing and validation.
Clarification of the meaning of teacher efficacy and the rela-
tive weight of teachers’ assessments of their skills and liabilities
in light of the resources and constraints they face in particular
teaching contexts promises to aid both those who would study
and those who train teachers (Tschannen-Moran and Woolfolk
Hoy, 2001, p. 802).
However, what is important is that the development of this instrument
both theoretically and empirically has been more comprehensive and rig-
orous than other constructs related to teacher characteristics. I refer back
to my discussion of teacher beliefs and draw attention to the limited de-
velopment of that construct in comparison. It is this that drew me first to
self-efficacy theory and second to social learning theory as a novel theoreti-
cal basis for mathematics teachers’ professional development: one that has
the potential to offer a cross-study theoretical language for teachers’ profes-
sional learning. It is by no means perfect but the rigour and development
is advanced in comparison to alternatives.
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The question is, how does self-efficacy relate to mathematics teachers’
professional development? A number of studies have offered evidence that
the more efficacious a teacher, the more likely they are to innovate and
experiment with their teaching (Berman and McLaughlin, 1978; Guskey,
1988; Stein and Wang, 1988).
A large-scale study of educational reforms and innovations; the way they
were implemented and the extent to which they were sustained, was carried
out by the Rand Corporation in the USA (Berman and McLaughlin, 1978;
Berman, McLaughlin, Bass-Golod, Pauly, and Zellman, 1977). This study
revealed that the teacher characteristics that influenced the likelihood of
change and the continuation of that change were years of teaching and
sense of efficacy. Teachers with many years in teaching were less likely to
change their practices. While teachers with a strong sense of efficacy were
most likely to change and sustain that change (Berman and McLaughlin,
1978, p. vii).
Abrami, Poulsen, and Chambers (2004) applied a related concept, ex-
pectancy theory, to a PD context. Expectancy theory has three main
components: value, expectancy and cost (Abrami et al., 2004, p. 203).
The assumption is that a teacher will implement an innovative approach
if, a) they value the approach, b) they believe they will be successful with
it (expectancy) and c) if the perceived cost of implementation is reason-
able. Abrami et al. (2004) found that expectancy was the most important
component—how successful teachers believed they would be in implement-
ing the approach.
Therefore, those teachers with high levels of teaching self-efficacy in
ideas presented in PD, were more likely to implement the new ideas in
their teaching than less self-efficacious teachers. Put another way, the more
confident and motivated teachers are, the more likely they are to take and
use the new ideas.
It is also important to consider how the PD materials impact on teacher
self-efficacy. The PD materials were designed to support changes in teacher
beliefs and as a result changes in teachers’ practices. It would be reason-
able to make a parallel analysis of changes in teachers’ self-efficacy beliefs.
What would the impact be of the PD programme, based on the mate-
rials, on teacher self-efficacy? A small number of studies have used an
experimental methodology to assess the effects of professional development
on teachers’ self-efficacy (see, for example Karimi (Allvar), 2011; Ross and
Bruce, 2007). These revealed that professional development can have an ef-
fect on teacher self-efficacy. This is a useful since self-efficacy offers a useful
teacher characteristic as a dependant variable. In this research self-efficacy
was used as a construct to explore the effects of the PD both quantitatively
and qualitatively.
Finally, I want to consider the sources of self-efficacy for the purpose of
the analysis in this research. Bandura proposed four sources of self-efficacy:
enactive mastery experience, vicarious experience, verbal persuasion and
physiological and affective states (Bandura, 1997, pp. 79–113). Enactive
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mastery experiences offer the most powerful sources of self-efficacy beliefs.
If we are successful in something our efficacy will increase, if we fail it will
be undermined. Easy successes prompt an expectation of quick results but
can lead to being easily discouraged by failure (Bandura, 1997, p. 80).
Self-efficacy can also be developed through vicarious experience, this
provides an alternative and complementary source where individuals assess
their own abilities and capabilities based on the attainments and successes
of others. Bandura illustrates the process:
More often in everyday life, people compare themselves to a par-
ticular associate in similar situations, such as classmates, work
associates, competitors, or people in other settings engaged in
similar endeavours (Bandura, 1997, p. 87).
Comparing our performances with others leads to increases in self-
efficacy; if we believe we can be at least as effective as the person observed.
A further but weaker source of self-efficacy is through verbal persuasion.
If an individual is persuaded that they have the abilities and capacities to
achieve a particular level of success this will have an influence on whether
the outcome of their performance is successful. However, if the persuasion
is unrealistic then this can undermine the individual performance and also
discredit the persuader (Bandura, 1997, p. 101).
Finally physiological and affective states have an effect on self-efficacy. If
we feel ill or we are in a bad mood this will have an impact in the extent that
we believe we will be successful. This according to Bandura, is especially
relevant in areas related to “physical accomplishments, health functioning
and coping with stressors” (Bandura, 1997, p. 106) and of consequence
in teaching where high levels of stress are often experienced. Self-efficacy
can be enhanced by improving physical status, reducing levels of stress
and correcting misinterpretations of bodily states: effectively improving
our physical condition and the way in which stress is dealt with, as well as
having an improved understanding of our physical self.
Klassen, Tze, Betts, and Gordon found that “. . .most researchers un-
critically defer to Bandura’s hypothesis that there are four sources of self-
[efficacy]” (Klassen, Tze, Betts, and Gordon, 2011, p. 39). Tschannen-
Moran and McMaster (2009) carried out a quasi-experimental study of
elementary teachers in the US participating in four types of PD with the
aim of identifying the relative strengths and effects of different sources of
self-efficacy. They found that verbal persuasion and vicarious experience
with limited mastery experience did not support the introduction of a new
teaching approach. They found that an “authentic task-specific mastery
experience” and “individualized verbal persuasion” (Tschannen-Moran and
McMaster, 2009, p. 242) were important in raising efficacy to support the
implementation of a new approach.
This resonates with the aims of the PD materials and the context of
this research, where an important aspect of the PD is the into-the-classroom
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phase where teachers have the opportunity for authentic task-specific mas-
tery.
The review carried out by (Klassen et al., 2011) led to a conclusion that
teacher efficacy is a valuable teacher characteristic in teacher professional
learning research, but they suggested there have been too few qualitative
investigations of efficacy, particular aimed at developing an understanding
of the sources of self-efficacy beyond Bandura’s proposed four sources. I
recognised this also and as a consequence, I decided to investigate changes
in teacher self-efficacy both quantitatively, using a teaching self-efficacy
instrument, and qualitatively, which involved case studies of individual
teachers. Although, in this research I accepted Bandura’s (1986, 1997) four
sources of self-efficacy: mastery, vicarious experience, verbal persuasion and
physiological and affective states.
To summarise this section, I introduced the final component of social
learning theory, self-efficacy. I discussed the complexity of specifying what
teacher self-efficacy is: on account of the complexity and multiplicity of
behaviours and actions in teaching. I then demonstrated how, from the
evidence in previous research, efficacious teachers are more likely to imple-
ment new approaches to teaching. I also showed how professional develop-
ment can be considered in terms of changes in teacher self-efficacy. I also
demonstrated how teacher self-efficacy can be measured but also the impor-
tance of the qualitative analysis of teacher self-efficacy and how self-efficacy
might develop through a PD programme.
This concludes the first part of this chapter in which I introduced and
discussed social learning theory and its three sub-constructs: observational
learning, reciprocal determinism and self-efficacy. In the final part of this
chapter I bring together these aspects to present a theoretical framework
for this PD based on these elements.
3.3 Professional learning from a social learn-
ing perspective
In this section, I bring the components of social learning theory together
to consider mathematics teachers’ professional learning in the context of
this research. I also integrate the issues identified in the previous chapter
on the analysis of the PD materials. I began by examining assumptions
presented in Chapter 1, about the prevalence of traditional teacher-centred
teaching in secondary mathematics and examine this from a social learning
theory perspective. Following this I consider professional development from
a social learning theory perspective.
The ubiquity of teacher-centred teaching
OfSTED characterized traditional teacher-centred teaching approaches as
follows: “In the secondary lessons [observed], the most prevalent style was
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one where the teacher demonstrated a new mathematical method which
pupils then practised” (OfSTED, 2008, p. 16). I use social learning the-
ory to explain how this is sustained through observational learning and
how self-efficacy explains why such practices are ubiquitous in secondary
mathematics classrooms. This leads on to explaining how professional de-
velopment might lead to change.
In the first part of this chapter, I explained how observational learning
is a component of social learning theory and tells us that behaviours are
learnt through observation. Teachers participate in an apprenticeship of
observation (Lortie, 2002), as trainee and new-qualified teachers. They
adopt “cultural scripts [that] are learned implicitly, through observation
and participation” (Stigler and Hiebert, 1999, loc. 1102).
A further proposition from social learning theory is that where there is
little or no motivation to do otherwise, behaviours becomes automatic or
routinized. Much human behaviour once learnt does not require constant
redesign—we do not have to rethink everything we do each time we do
it. “After people develop adequate ways of managing situations that recur
regularly, they act on their perceived efficacy without requiring continuing
directive or reflective thought” (Bandura, 1997, p. 34). Once teachers have
learnt to teach and have developed practices and approaches that permit
them to function in their roˆle, they do not have to think about and plan
every detail of every lesson and everything they do in each lesson. They
have access to a range of behaviours and lesson patterns that simply work.
Acting on “perceived efficacy” means that a teacher believes that those
actions will be successful. Thus, routines of teacher-centred practice can
be implemented reasonably reliably.
Leinhardt (1988) observed a number of lessons over a lengthy research
career. She derived a similar theory of practice to that which I developed
from social learning theory.
Situated knowledge can be seen as a form of expertise in which
declarative knowledge is highly proceduralized and automatic
and in which a highly efficient collection of heuristics exist for
the solution of specific problems in teaching. This automation
or resistance to change on the part of the teacher should not
be perceived as a form of stubborn ignorance or authoritarian
rigidity but as a response to consistency of the total situation
and a desire to continue to employ expert-like solutions (Lein-
hardt, 1988, p. 146).
This, although not from a social learning theory perspective, is consis-
tent with Bandura’s proposition of developing behavioural routines that
meet the needs and demands of situations that recur regularly. Leinhardt
enriches this idea with the introduction of “heuristics”. Although teaching
behaviours become ‘proceduralized’ and automated, teachers are not sim-
ply automatons; they use patterns of previously used actions and classroom
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behaviours to meet the needs of the classroom situation. Lienhardt sug-
gested that by using ‘proceduralized’ and automatic knowledge, teachers
are able to act in sophisticated ways but without having to think about, in
detail, every action and response in their teaching.
Leinhardt’s heuristics are consistent with social learning theory. Ban-
dura (1997) explained how observational learning can be a generative pro-
cess, where observed behaviour can be used as a guide for action rather
than something that it is directly imitated and replicated. Generativity in
observational learning is consistent with Leinhardt’s notion of heuristics.
The difference is that social learning theory goes on to attribute the sources
of behaviour to observation.
So far I have provided support for the formation of patterns of practice,
but why would these tend toward a teacher-centred approach? And, why
should these practices be similar within a culture or within a country?
In order to answer these questions, I draw on the historical analysis of
classrooms in the US carried out by Cuban (1993). An historical analysis is
useful because it provides insight into the development of practice. Cuban
explained the formations of particular patterns and approaches through
this. For the second question I draw, once again, on the comparative study
of practice carried out by Stigler and Hiebert (1999) but consider a retro-
spective analysis of Stigler and Hiebert’s assumption that practice is similar
within a culture or jurisdiction by (Givvin, Hiebert, Jacobs, Hollingsworth,
and Gallimore, 2005). From this analysis I demonstrate that it is reason-
able to assume that traditional teacher-centred practice is a default teach-
ing style: that it is reasonable to assume that there are similarities within
a culture and that observational learning offers an explanation why.
Cuban (1993) examined the practices and teaching patterns found in
classrooms in the US between 1880 and 1990. His starting point is simi-
lar to the observations made by Stigler and Hiebert (1999) that teaching
followed similar approaches within a culture and seemed to remain largely
unchanged over time.
Cuban’s (1993) study was located in the US, across all subject teaching
and in both elementary and high school settings. So, how is this useful
in the English context? The reason I view Cuban’s research as important
is that he attempted to explain the similarities that might be observed in
teaching within a culture. This explanation can be applied to the English
context and be used to account for the similarities that are observed in
English secondary mathematics classrooms. Cuban’s explanation, as I will
justify, is not specific to context.
Cuban drew on a number of sources of evidence in his analysis: pho-
tographs of teachers and students in class; textbooks; student recollections;
teacher reports on how they taught; reports from journalists, administra-
tors and others who visited classrooms; student writings school newspapers
and yearbooks; research studies of teaching practices; and description of
classroom architecture, room size, desk design and building size. He ac-
knowledged the historian’s dilemma of selectivity of evidence (p. 13) but
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“sought multiple and divergent sources representing . . . a number of dif-
ferent settings” (p. 13). He gathered descriptions of 1200 classrooms in
the period 1890 to 1990; he combined this with his broader data set and
so claimed to have an “indirectly” derived picture of teaching practices in
7000 classrooms.
He acknowledged the difficulties in describing practice. “Anyone famil-
iar with a classroom knows the kaleidoscope whirl that it is . . . How can I
capture only one slice of this whirl after it has disappeared?” (Cuban, 1993,
p. 14). Yet this is what he attempted to do, with a range of assembled sec-
ondary evidence. In order to facilitate this Cuban adopted a framework for
describing teaching using the idea of teacher-centred and student-centred
practices. He characterized teacher-centred teaching as follows:
• Teacher talk exceeds student talk during instruction.
• Instruction occurs frequently with the whole class; small-
group or individual instruction occurs less often.
• Use of class time is largely determined by the teacher.
• The teachers rely heavily upon the textbook to guide cur-
ricular and instructional decision making.
• The classroom furniture is usually arranged into rows of
desks or chairs facing a chalkboard with a teacher’s desk
nearby (Cuban, 1993, pp. 6-7).
Cuban’s justification for the prevalence of teacher-centred teaching pro-
vides the most convincing argument for the prevalence of teacher-centred
approaches to teaching because it is consistent with my own experience of
teaching in English secondary schools.
Within these schools and classroom settings, teachers have learned
to ration their time and energy to cope with conflicting and mul-
tiple societal and political demands by using certain teaching
practices that have proved over time to be simple, resilient, and
efficient solutions in dealing with large numbers in a small space
for extended periods of time (Cuban, 2009, p. 10-11).
This has the same underlying logic as posited by Leinhardt (1988) and
also that which I derived from social learning theory. Teachers deploy a
range of traditional teacher-centred teaching approaches as a result of the
demands of the roˆle and as a result of constraints arising from having fi-
nite resources in state-funded education. This also contains some implicit
reference to what teachers might consider to be effective in teaching math-
ematics. That is, the lesson runs smoothly and is well-managed. This
means then, that the primary goal of teaching is not necessarily optimising
learning but effective management of the classroom and behaviour. I am
not saying that teachers do not value student learning, but there are often
more pressing needs concerned with classroom management.
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Cuban’s argument is related to Bandura’s proposition that “people de-
velop adequate ways of managing situations that recur regularly” and act
on their perceived efficacy (Bandura, 1997, p. 34). However, Cuban offered
a deeper analysis of adequacy in practice. So taking Bandura’ theory and
Cuban’s historical analysis together: within the demanding roˆle of teaching
and the resource-constrained school institution, teachers have self-efficacy
in traditional teacher-centred approaches and those practices will be ef-
fective in managing classrooms and behaviour. They may not offer the
optimal learning experience but they do allow lessons to run smoothly.
I think it is important to consider the roˆle of the student as a participant
in classroom routines. Stigler and Hiebert considered students, as well as
teachers, as following a cultural script:
. . . one of the reasons classrooms run as smoothly as they do is
that students and teachers have the same script in their heads:
they know what to expect and what roˆles to play (Stigler and
Hiebert, 1999, loc. 1121).
This reflects the idea of a didactical contract:
Then a relationship is formed which determines – explicitly to
some extent, but mainly implicitly – what each partner, the
teacher and the student, will have the responsibility for man-
aging and, in some way or other, be responsible to the other
person for. This system of reciprocal obligation resembles a
contract. (Brousseau, 2002, p. 31).
Traditional teacher-centred teaching is a feature of an equilibrated sys-
tem, where patterns of behaviour have been shaped over time and transmit-
ted through observational processes through generations. This is largely a
consequence of the constraints and demands of the job of teaching. Where
primacy rests in teachers having smooth running classes and classrooms. It
also rests on not having to think through every action in a lesson. This, in
many ways, contradicts Schoenfeld’s (2010) assertion that ‘in-the-moment
decision-making’ is influenced by goal orientation. From a social learning
theory perspective, teachers’ in-the-moment decision making in classrooms
is a result of having a range of mentally modelled actions gained through
observational means, that have been rehearsed in the course of experience
and that are ready to be deployed heuristically.
From my analysis here, social learning theory provides the more likely
explanation of teachers’ actions and behaviours and hence my decision to
use it for explaining professional learning in this research, but also as a
potential overarching theory for reform-oriented professional development.
My next consideration is how teachers might introduce new methods and
approaches in a sustainable way.
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A summary of the social learning theory model of pro-
fessional development
In this section, I present a summary of the model of professional learn-
ing based on social learning theory that I used in this research. I begin
with the two components of social learning theory that I operationalised:
observational learning and teacher self-efficacy.
Observational learning
In this research, I used observational learning as an explanation of how
teachers (potentially) learnt new practices. It is important to have some
process or mechanism by which new or alternative ideas are potentially
implemented. I chose observational learning (as a component of social
learning theory) as it offers a framework for analysis and explanation as
part of a wider theory. It allowed me to focus in on aspects of individual
learning. I looked at the observational processes that groups of teachers
used in PD sessions and looked at how individual teachers translated these
ideas into lessons. I used the observational sub-process of attention in
order to analyse teacher behaviour in the PD sessions. In case studies
of individual teachers, I considered how teachers took ideas presented in
various parts of the PD, whether it be video examples of lessons or in
printed lesson plans, and adapted them to their own classrooms. I was
particularly interested in the generative aspect of observational learning
and how teachers take and adapt an idea or alternative approach.
Teacher self-efficacy
The implementation of a new approach relies on teachers being efficacious
in that approach. In this study I was interested in making assessments
about initial levels of efficacy in the teaching of problem solving. I assumed
the more willing teachers were to implement the approaches and ideas
suggested in the PD, the more efficacious they were. I was also interested in
understanding how teaching efficacy might be affected by the PD. I chose
to look at this quantitatively using existing teacher efficacy instruments
and a problem-solving specific instrument developed for this research. I
also decided to look at individual changes by considering case studies of
individual teachers. I elaborate on this in the next chapter.
I used the four sources of self-efficacy proposed by Bandura (1997) as
analytic framework for the qualitative research, these are: mastery experi-
ence, vicarious experience, verbal persuasion and affective and physiological
states. The most important source of self-efficacy when using the PD ma-
terials is through mastery experience, the chance to experience success in
using the ideas in a lesson. It is likely that the other sources will also
play a roˆle too. Vicarious experience might provide opportunities for de-
veloping self-efficacy though watching the video examples or working with
colleagues. Teachers, if they identify with another individual, assess their
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effectiveness more positively as a result of observing another being success-
ful in implementing the new approach.
Verbal persuasion is a weaker source of self-efficacy, but may encour-
age teachers to try out ideas in the first instance which then leads to the
development of mastery and in consequence self-efficacy in the approach.
Finally, affective and physiological states can undermine self-efficacy—if
stressed or ill, teachers will be less efficacious and this will limit the im-
pact of new ideas. This is important since teaching can be highly stressful
and a teacher is frequently faced with multiple and often competing de-
mands on their time and energy. As such a stressful or demanding context
is not conducive to reform because teachers tend to feel less confident in
implementing new ideas.
Integrating the characteristics of effective PD with so-
cial learning theory
Having summarised a model of professional learning using observational
learning and teacher self-efficacy, I wanted to integrate the analytic frame-
work I derived from previous research on professional development effec-
tiveness, described in the previous chapter. I could therefore relate the
findings of this research with existing research, at least in terms of the
consensus of ideas and characteristics. For example, I considered the roˆle
of PD leadership, collective participation etc. in relation to social learning
theory and in terms of the data. In other words, I considered the impact
of these characteristics and provided an explanatory analysis using social
learning theory.
I consider each of the characteristics of effective PD (leadership; col-
lective participation; engagement ; time and coherence) and integrate them
with social learning theory.
PD leadership
From a social learning theory perspective, leadership contributes in two
areas. The first is in relation to observational learning processes. Using
Bandura’s theory of observational sub-processes (attentional processes, re-
tention processes, production processes and motivational processes), I con-
sidered attentional processes and motivational processes as most relevant
here. The PD leader has a roˆle in making the PD content relevant and
salient to individual teachers and in encouraging them to try things out.
Therefore, one aspect of PD leadership is in facilitating observational learn-
ing.
The second contribution of leadership is in developing teacher self-
efficacy. PD leaders can promote self-efficacy through verbal persuasion.
While it is considered weaker than mastery experience or vicarious expe-
rience, it contributes to teachers’ motivation to try the approaches out,
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which in turn would lead to the development of self-efficacy through mas-
tery experiences.
Collective participation
Prior research has claimed this to have a positive impact on the effec-
tiveness of professional development (Back et al., 2009; Desimone et al.,
2002; Stoll, Bolam, McMahon, Wallace, and Thomas, 2006). From a social
learning theory perspective, collective participation contributes to teacher
self-efficacy in terms of vicarious experience and verbal persuasion. Seeing
a colleague try a new approach out in their classroom and being successful
can be a source of self-efficacy. Although, if relationships were not strong
in the mathematics department, this might have the opposite effect.
Bandura (1997) put vicarious experience in terms of “referential com-
parisons” (p. 87), in other words, comparing your own performance with
others or as “attribute similarity” (p. 98). In the latter a teacher would
be looking to identify with a similar teacher as a model and a vicarious
measure of the level of success.
Another source of self-efficacy in collective participation is through ver-
bal persuasion i.e. supporting and encouraging each other. In a highly
individual and competitive department self-efficacy could be undermined
or if indeed relationships were poor and there was limited trust: there
would be no recognition of similar attributes.
Collective participation, from a social learning theory perspective, is
therefore a necessary but not sufficient condition for PD effectiveness. It
is possible that collectivity could undermine effectiveness under certain
conditions, like for instance if there were a lack of trust or if there were no
existing collaborative culture.
I considered the effects of collective participation from the perspective
of two efficacy sources: vicarious experience and verbal persuasion. I did
not go into this in any great depth as I was particularly interested in ob-
servational learning and teacher self-efficacy. I made assessments of how
effectively departments collaborated and the culture of those departments
as part the analysis of coherence characteristics (see below).
Engagement
In the previous chapter I used this term as a catch-all for a range of related
factors which had been derived from prior research. These included:
• The PD was practical and related to classroom practice;
• It involved experimenting with teaching and practice;
• It involved active learning;
• It focussed on mathematics content and pedagogy;
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• It was of a ‘reform-type’ i.e. it did not involve teachers participating
in a lecture-style programme.
From the viewpoint of social learning theory, the underlying connecting
theme is that the PD offers opportunity to try things out, rehearse ideas
and experiment. This is related to the strongest source of self-efficacy that
of mastery experience. It also implies having models and ideas that can be
adapted and experimented with, this is a feature of observational learning.
In the previous chapter, in relation to this idea, I looked at how stimulating
and engaging the materials were. In the empirical part of the research I was
concerned with how the materials were used and the way in which mastery
experiences happened and also observational learning processes.
Time
This factor is concerned with the impact of the duration of PD sessions,
modules and the programme as a whole. I considered this by looking at
how departments used the PD materials.
Coherence
In the previous chapter, I identified a characteristic of effective PD for
which I used an umbrella term of ‘coherence’. This I took from the research
conducted by Desimone et al. (2002). Their conception of this was:
. . . the degree to which the activity promotes coherence in teach-
ers’ professional development, by incorporating experiences that
are consistent with teachers’ goals, aligned with state standards
and assessments, and encourage continuing professional com-
munication among teachers (Desimone et al., 2002, p. 83).
This is a broad issue relating to a range of contextual factors. Another
way of looking at this is from what Cooney and Krainer (1996) considered
the macro and micro issues of PD. They saw the macro issues as com-
ing from society: economics, politics, culture and language, for example.
The micro issues include things like curriculum, assessment and existing
practices. Similarly, Llinares and Krainer (2006) considered professional
learning as not just involving the individual, but as located in a social and
organizational context. In fact PD is located within a national education
system, a society and culture.
Krainer (2006) developed this further and proposed a framework of con-
tent, communities and context. Content refers to the PD, its aims and how
it will be carried out. Communities refer to those doing the PD and the
context refers to determinants and influencing factors at school, district
and national level. I consider, therefore, building on the conceptualisation
of Krainer (2006) and the idea of coherence (Desimone et al., 2002), that
policy, practices and culture in schools and the education system are im-
portant in determining how the PD is implemented. These are large issues
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existing in a complex multilevel system, so what aspects are important to
consider?
I considered a key factor in terms of the policy context to be account-
ability. I use the following definition of accountability:
. . . a condition in which individual role holders are liable to re-
view and the application of sanctions if their actions fail to sat-
isfy those with whom they are in an accountability relationship
(Kogan, 1986, p. 86)
The culture in schools, as a consequence of national accountability, has
been characterized in terms of performativity, for which I used the following
definition:
. . . a technology, a culture and a mode of regulation that em-
ploys judgements, comparisons and displays as means of in-
centive, control, attrition and change – based on rewards and
sanctions (both material and symbolic). The performances (of
individual subjects or organizations) serve as measures of pro-
ductivity or output, or displays of ‘quality’, or ‘moments’ of
promotion or inspection (Ball, 2003, p. 159).
I contend that accountability has the potential to influence school cul-
ture and classroom practice through performativity. Research seems to
support this view. Although there have been no large-scale investigations
of the effects accountability on school cultures, there have been a number
of case studies of schools in challenging accountability contexts. Studies
have found that there is a normalising effect on teaching as a result of “con-
stant surveillance” and teachers “learning to ‘play the game’ ” (Perryman,
2006, pp. 158-159). Staff unite “. . . in a game which presents the school in
its best light” (Perryman, 2009, p. 620). Repeated observation by school
leadership was used to normalise practice to perceived OfSTED models
(Hall and Noyes, 2009, pp. 851-852). Perryman, Ball, Maguire, and Braun
(2011) for example, investigated how the outcomes of OfSTED inspections
influenced the culture of schools. In particular, there was on an influence
on the character of professional development experienced in schools; the
aim in schools was to implement approaches that were perceived to be val-
ued by inspectors. Overall the accountability culture influenced the focus
of professional development.
The normalising effect of constant surveillance and ‘playing the game’
is likely to result in traditional teacher-centred teaching. In support of this
argument I refer you to my discussion of the ubiquity of teacher-centred
teaching (p. 49). Increased pressures and attempts to normalise practice
are likely to produce traditional teaching as a relatively ‘safe’ and histori-
cally proven set of performances and practices.
Increasingly OfSTED judgements have been based on a schools’ exami-
nation results rather than teaching and learning based on classroom obser-
vation. This was a result of the introduction of ‘short notice’ inspections
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in 2005 which focussed on management and systems, drawing on schools’
self-evaluations. It is likely that a school with lower than expected results
will want to focus on improving results, in the short term, rather than fo-
cus on developing the teaching of problem solving. Therefore, I considered
schools’ performance, as judged by OfSTED and in terms of examination
results, as an important component of coherence.
As Krainer (2006) pointed out, community is also an important aspect
and one in which I believed related strongly to the notion of coherence. This
relates to two other characteristics of effective PD, those of leadership and
collective participation. In this sense, coherence, in terms of community,
concerns the way in which the PD might fit in with a department’s culture.
There has been limited previous research in this area so my investigation
of this was exploratory. However, I was interested in how individuals in
mathematics departments worked together, the character of department
leadership and collective motivation, interests and perspectives.
Finally, I considered how the PD coheres with school-level strategy. As
Pedder et al. (2008) pointed out schools rarely, if at all, evaluate their PD
critically. Therefore I wanted to see how the PD fitted in with school-level
plans and strategy: how embedded that PD was in the culture and aims
of the school. Was it seen as a bolt-on activity or was it seen by school
leadership as a fundamental part of the school’s improvement programme?
The way in which it was evaluated by the school would give some indication
of where the PD was on this continuum.
Informed by professional development contextual theory (Cooney and
Krainer, 1996; Krainer, 2006; Llinares and Krainer, 2006), I derived a hi-
erarchical coherence/contextual framework shown in Table 3.1. The idea
of coherence can be considered from the perspective of social learning the-
ory. In particular, it is an expression of reciprocal triadic determinism, in
which practices (behaviours) are influenced by the social setting (environ-
ment) and vice-versa. The individual is both affected by and contributes
to this relationship. This is the reciprocal relationship I discussed in Sec-
tion 3.2.2 (p. 40). In schools, I believe, this system comes into equilibrium
for the reasons suggested by Cuban (1993), Stigler and Hiebert (1999) and
Leinhardt (1988): the demands of the work of teaching, the institutional
constraints means that routinized heuristically-formed practices prevail and
are sustained through observational learning.
If the PD does not cohere to the equilibrated context, teachers will need
to be efficacious in order to implement new ideas. In other words, they will
need to believe that the suggested approach will work in their classrooms.
The less the PD coheres, the more efficacious individuals will need to be. If
the PD suggests approaches that are radically different, then teachers will
need greater levels of efficacy to implement the ideas and approaches.
This relates coherence with practice, what about policy and culture? To
explain this I consider the sources of self-efficacy as developed by Bandura
(1977, 1986, 1997). The four sources of self-efficacy are mastery experi-
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Table 3.1: Hierarchical coherence/contextual framework.
Contextual Indicators
level or field Description used in this research
External Curriculum, assessment,
accountability and educa-
tion policy.
Contextual coherence
where I considered
the accountability
context.
School-level The extent to which the
school integrates the PD
into the school improve-
ment and strategic plan.
The level of support in
terms of resources. The
extent to which the school
evaluates the PD.
PD integration with
school aims.
Dept.-level For example, department
culture, leadership style
and collaborative culture.
PD leadership style &
department culture.
ence, vicarious experience, verbal persuasion and physiological and affective
states (these I introduced in Section 3.2.3, p. 43). Efficacy can be developed
through successful implementation, through observing others implement
ideas successfully, more weakly through persuasion and encouragement—
efficacy is diminished by stress, being upset, tired and ill. In a supportive
and collegiate environment teachers are likely to be comfortable implement-
ing new approaches by developing self-efficacy through verbal persuasion
and vicariously. In a high-stakes and pressurised environment, where school
culture becomes led by accountability, teachers’ efficacy can be undermined
as a result of the negative effects of stress.
3.4 Research questions
To conclude this chapter, I introduce the research questions. These were
developed from starting points offered by the funders and based on the
analysis of the materials in the previous chapter and the conceptual frame-
work developed in this chapter. I briefly explain how I interpreted these
based on the development of my conceptual framework.
1. How do teachers use the professional development materials:
what do they attend to and why?
I considered the main part of this question at two levels—how depart-
ments used the PD and the extent to which they were implemented
in a way consistent with the design intentions. This reflected the
60
Chapter 3: Social Learning Theory
coherence characteristic above. I also considered this in terms of in-
dividual teachers from the perspective of observational learning and
self-efficacy. This two-level analysis reflects the situative approach I
identified above. As a result of my consideration of coherence and
context I looked into each school’s context in relation to accountabil-
ity, I considered how well the PD complemented and was integrated
into school and department strategy.
2. How do teachers’ self-efficacy beliefs and practices evolve?
I considered here specifically changes in self-efficacy both qualitatively
and quantitatively. I carried out a mixed-methods analysis of changes
in practices, this I explain in more detail in the next chapter.
3. Which practices do teachers find easiest or most difficult to
adopt?
In this question, I am addressing how teachers implement or integrate
the ideas from the PD into to their teaching. It is related to the ques-
tion above and how teachers’ practices evolve. Here, I am interested
in the processes of implementation. This was testing out the theory of
practice that I set out in this chapter where I explained, using social
learning theory and how practices tend to traditional and teacher-
centred models. Here I considered what the trajectory of change
might be. It is also related to the observational learning process and
to developing (or not) self-efficacy in the suggested approach.
3.5 Summary
In this chapter, I began with a review of research into professional learning
theory. In this I showed that mathematics teacher professional development
research is characterized by small-scale studies and that there is a lack of
overarching theory with which to compare and synthesise results and find-
ings. I introduced social learning theory as new theoretical approach and
one that has the potential to provide a more general overarching theory. I
described this theory in detail and justified its appropriateness. Following
this, I used social learning theory to explain why teaching is predomi-
nantly teacher-centred in secondary mathematics classrooms in England. I
described a model of professional learning based on social learning theory
and explained the processes and constraints in changing teaching practices
from a teacher-centred orthodoxy.
I integrated the professional development effectiveness factors derived
in the previous chapter and interpreted these empirically-derived factors
from a social learning theory perspective. I concluded with the research
questions. In the next chapter I describe the methods used in this research.
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Methods and methodology
In this chapter, I describe the research design: the methods used and sup-
porting methodology. In the previous chapter, I presented the research
questions and an elaboration of those questions based on my development
of a conceptual framework using social learning theory. Integrated into
this were the characteristics of effective PD derived from previous research
which I introduced in Chapter 2.
The research design was guided by the following research questions:
1. How do teachers use the professional development materials: what
do they attend to and why?
2. How do teachers’ self-efficacy beliefs and practices evolve?
3. Which practices do teachers find easiest or most difficult to adopt?
I begin with an overview of the research design and describe the case
selection and sampling approach.
4.1 Overview
I investigated three mathematics departments with all teachers in each
department involved in the PD. I used an embedded multiple-case study
design (Yin, 2009). This allowed me to make comparisons between different
contexts and also provided an appropriate sample size for the quantitative
analysis. Based on the experience I had in a pilot study, I believed this
would be a manageable project size for a single researcher.
The units of analysis were the mathematics departments and the em-
bedded cases were individual teachers in the departments. I observed three
teachers in each department through the course of the PD programme,
to explore how their efficacy beliefs, perspectives on teaching and actual
teaching changed over the course of the programme. After discussion with
the Shell Centre, I agreed that I would observe two PD modules over two
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Figure 4.1: Data-collection approach in a single school.
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terms. I devised a PD and data collection schedule which is shown in Fig-
ure 4.1 (p. 63). This involved cycles of PD and lesson observation. In
order to focus on how teachers’ developed in the teaching of problem solv-
ing, teachers were asked to teach problem solving lessons in lesson 1, 3 and
5. The tasks and activities were the choice of individual teachers in these
lessons. In lessons 2 and 4, it was expected that teachers would teach the
lesson planned in the PD introductory session preceding it. Teachers would
also be observed with the same class through the project.
4.2 Selection of schools and teachers
I approached schools that were part of the initial teacher education part-
nership at the School of Education, University of Nottingham. I contacted
eighty-six secondary schools and invited them to participate in the project.
The head of mathematics in each of these schools was sent a letter about
the project and an information leaflet each mathematics department was
offered £500 to take part in the study. Twelve schools expressed an interest
and after an initial discussion seven schools remained interested in taking
part.
A meeting was arranged with each of the schools, where the project was
explained in detail. Four schools were recruited and were self-selected (a
summary of the schools is shown in Table 4.1, p. 65). Hilltown, on account
of an unfavourable OfSTED inspection, did not complete the whole PD
programme. Since one aspect of this research was concerned with how the
PD coheres with contextual issues, I have included data from this school
in the next chapter.
While there are potential issues in cases being self-selecting, this re-
search is exploratory in the sense that I am bringing new theory to the
professional learning context. Therefore this selection approach is appro-
priate to this study; sampling bias will not impinge on the issues being
addressed with the range of research questions that I have. If for example
I was attempting to evaluate the effects of the PD I would have needed
an alternative sampling strategy—one that would have been more repre-
sentative. Here my research questions were to do with how things work
and happen, therefore it was appropriate to examine these in different set-
tings without being overly concerned about self-selection. This convenience
(Bryman, 2008; Cohen, Manion, and Morrison, 2007) approach to sampling
was not intended to be representative or for the purpose of statistical gen-
eralisation.
Furthermore, this research was undertaken as six discrete but intercon-
nected studies. Each of these used different case selection and sampling
strategies. Additionally there were multiple approaches to triangulation
within and between the six studies.
A similar approach was taken with the selection of teachers to take part
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Table 4.1: School characteristics.
Age range Number of
School (years) students Location and context
Barrington 14–18 1170 Large suburban village on
Community the edge of a city
College
Boxton 11–18 1490 Rural—between two large
Academy market towns
Hilltown 11–16 750 Rural
School
Norman 11–18 2000 Suburban village on
Fletcher the edge of a city
School
in observations through the project. While it had been intended that teach-
ers would be at different career stages and there would be approximately
equal numbers of men and women overall, the final selection was heav-
ily influenced by availability of suitable volunteers. Three teachers were
selected in each school. I decided that these teachers would be observed
with the same class through the project. Again, because this research is
exploratory, I justify the appropriateness of the sampling approach as I did
with the schools.
I begin with an overview of the methods within which I also reflect on
the methodological approach. This is followed by a detailed account of the
methods used in each study.
4.3 Methods
The overall strategy was an embedded mixed-methods multiple-case study
design. The three cases were the mathematics departments and the em-
bedded cases were individual teachers.
Bryman (2008) suggests a case is often considered as a location and case
study implies intensive examination of that setting. Stake (2008) argues
that cases in education are people and programmes. “We are interested in
them for both their uniqueness and commonality. We seek to understand
them. We would like to hear their stories” (Stake, 2008, p. 1). This is
largely consistent with Yin (2009):
[T]he distinctive need for case studies arises out of the desire to
understand complex social phenomena. In brief, the case study
method allows investigators to retain the holistic and meaning-
ful characteristics of real-life events—such as individual life cy-
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cles, small group behavior, organizational and managerial pro-
cesses, neighborhood change, school performance, international
relations, and the maturation of industries (Yin, 2009, p. 4).
The multiple-case study, while more demanding of time and resources,
can often provide more compelling and more robust evidence (Yin, 2009,
loc. 1269). Although, as Yin (2009) points out, the rationale for the
multiple-case study can be quite different to the single case study. The
single case study is often seeking the unusual or unique case.
Implicit in this design was a triangulated approach. There is a more
orthodox data triangulation which draws on mixed-methods—quantitative
and qualitative methods. In addition, I utilised one of Denzin’s (1970,
cited in Cohen et al., 2011, p. 196) broader triangulation methods, that of
combined levels of triangulation. This involves multiple levels of analysis
using three principal levels: the individual, the interactive (the group)
and the level of ‘collectivities’ (organisational, societal and cultural) (p.
196). At the outset of this research I was interested in professional learning
by considering multiple levels of analysis. The multi-level design reflects
Borko’s (2004) proposed situative approach described in Chapter 3 (Section
3.2.2, p. 40). This approach, at a methodological level, made a contribution
to the validity of the claims. While data triangulation is articulated in the
results chapters, I address combined levels of triangulation in the discussion
in Chapter 8, where I make comparisons and contrasts between studies.
The first two aspects of the research methods, presented in the follow-
ing sections, are at the level of the mathematics departments. I begin with
a description of my approach to the analysis of each department’s context
(Study 1, Section 4.3.1), followed by a description of the methods used
to investigate how the PD was used by each department (Study 2, Sec-
tion 4.3.2). These aspects addressed the question how do teachers use the
professional development materials?—at the level of the department.
Following this, I consider embedded cases i.e. teachers’ use of the PD.
I begin with the description of an explanatory case study of what teach-
ers attended to in PD sessions (Study 3, Section 4.3.4), this addressed the
latter part of the question, how do teachers use the professional develop-
ment materials: what do they attend to and why? I move on to an
explanatory study of individual teacher’s use of the PD materials in a les-
son (Study 4, Section 4.3.5). This addresses—with teachers as the unit of
analysis—the question, how do teachers use the professional development
materials?
I then describe the quasi-experimental approach to the quantitative in-
vestigation of changes in teacher’s self-efficacy beliefs and changes in their
self-reported practices (Study 5, Section 4.3.6). This addresses the ques-
tion, how do teachers’ self-efficacy beliefs and practices evolve? Finally I
describe the data collection and analysis for the qualitative investigation
of changes in self-efficacy, teachers’ perspectives and beliefs, and changes
in their practices (Study 6, Section 4.3.7). This addressed the previous
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question and the question, which practices do teachers find easiest or most
difficult to adopt?
The overall analytic strategy draws on Yin’s (2009) idea of analytic
generalisation. This research (and each aspect) is generalised to social
learning theory.
4.3.1 Study 1: Contextual factors
I identified how the characteristic of coherence was important, first in Chap-
ter 2, and then I integrated it with the conceptual framework I developed in
the Chapter 3. My interpretation of coherence was the extent to which the
PD is consistent with a range of contextual and cultural factors. Within
these, I included national policy—particularly the accountability culture—
and school aims, culture and the department culture. I was interested in
characterising the climate and conditions within which the PD was imple-
mented. My aims were to provide a descriptive yet rigorous account of each
school and to identify key contextual factors that influenced the way the
PD was implemented.
This related to the question, how do teachers use the professional devel-
opment materials? This question, as I discussed in the previous chapter, I
considered at two-levels—at the level of the mathematics department—so,
how did the department use the materials? And, at the level of the indi-
vidual teacher. In this aspect of the research, I was concerned with how
contextual factors had a bearing on the former.
I collected a range of data on each school’s context and character in or-
der to make preliminary assessments about how the PD would cohere with
the school’s context, culture, practices and aims. At the outset, I wanted
to get a sense of the conditions under which the school was operating and
begin to hypothesise the effects of these conditions on how the PD would
be implemented. I also began to identify characteristics of the school and
department culture.
School data were collected about the schools’ context: the size, loca-
tion, pupil population, history, examination results and OfSTED inspec-
tions reports. I used examination results and OfSTED judgements as prin-
cipal characteristics of school and department context, since these drove
the strategy and aims of each of the schools, as was consistent with the
observations made by Perryman et al. (2011). The other characteristics
provided general descriptions of schools’ contexts and character and con-
tributed to me getting a richer understanding of each school, although
they were secondary to accountability data i.e. examination results and
OfSTED reports.
I used data collected on my first visit to each school to develop a pic-
ture of the school, department and its culture. These data were mostly
drawn from initial interviews with the head of department at each school.
In the initial interviews, we discussed the project information, the practi-
calities of the project and I asked a series of questions about the school, the
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mathematics department, the teachers in the departments, the challenges
the school and department faced and the motivations about wanting to
participate in the PD.
The initial interviews were audio-recorded and selectively transcribed.
From these data, I wrote a detailed case description for each department
with a description of its context, department culture, school and depart-
ment aims and the head of department’s leadership approach. The inter-
pretive narrative accounts of each school and department are presented
Chapter 5 (Section 5.2, p. 109).
In the case descriptions, I included the following: my impressions of the
head of the department; contextual factors (as perceived by the head of
department); some department background (where it appeared relevant); a
summary list of teachers in the department; a description of the character
of the department (again, as perceived by the head of department); my
analysis and interpretations and also my judgement as to the extent to
which the school had integrated the PD into its strategy and operations.
I tested and developed these descriptions as I visited the schools through
the project and through observations and interviews with staff. Field notes
were also made relating to the way in which teachers in the department
worked together and the leadership style of the head of the department.
In the schools I also observed and recorded data relating to the schools’
strategic approach, context and issues that may have influenced the imple-
mentation of the PD. I became quite familiar with each school as I spent
up to 15 days over two-terms in each school.
The validity of these findings is based on my familiarity with each school
and a progressive refinement of the findings through the project.
4.3.2 Study 2: How departments used the PD: fi-
delity with the PD design
Having considered preliminary indications of coherence, I developed a fur-
ther empirical analysis of how the PD was used. This built on the analysis
introduced in the previous section; it offered an alternative analysis of co-
herence effects.
My assumption was, based on the research undertaken by Desimone
et al. (2002), that the more closely the PD cohered with school context,
culture, policy, practice and aims; the more likely it was that the PD would
be used in the way intended by the designers.
I developed a fidelity measure to give an indication of the extent to
which each part of all four PD sessions was implemented consistently with
the PD documentation. If the fidelity score was high then the PD was
used as designed and I had some evidence that the PD cohered with the
school and department context and culture i.e. the PD was relevant. This
is not, by any means, a precise measure and there may be many reasons
why fidelity might be low. However, I assumed that these results com-
bined with the qualitative contextual analysis, described in the previous
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section, provided a basis for making an overall judgement of coherence. It
provided a means by which the observation of the PD could be analysed
systematically in terms of the PD coherence.
Before explaining the fidelity measure, I describe the guidance given
to heads of departments in the way they should use the PD. They were
given the following instructions which were communicated verbally at the
pre-project meeting and also included in the project handbook:
Each session should take about one hour and all the mate-
rials, including suggested timings are included in the module
handbooks and can be accessed online (www.bowland.org.uk).
While there is choice and flexibility as to how the sessions can
run, it is important that whoever leads the session uses the
range of materials including videos and handouts and follows
the designed structure. In reality there is more material in-
cluded in the modules than can be fitted into a one hour session.
Some choices and decisions have to be made, if the professional
development leader is unsure then they should contact us when
planning the session to discuss the module plan (Project Hand-
book, p. 9).
With this I attempted to guide PD leaders to understanding the aims
and ideas of the PD and remain consistent with these, even though they
would have to make some decisions about the material that would or would
not be used. The expectation was that they would include all the parts of
the PD which included a series of 5-, 10-, 15- or 20-minute ‘activities’.
All PD sessions were observed and a video recording made. My anal-
ysis began by writing a chronologically-organised, activity-by-activity de-
scription of each department’s participation in the PD as I watched the
video-recordings of the PD sessions. I summarised key events and created
a summary of each activity in each session. An example of this is shown
in Tables 4.2–4.4 (pp. 70–72). I then conducted a fidelity analysis on each
activity.
The fidelity of the PD sessions was assessed using a scoring approach.
Each activity was given a fidelity score to indicate the extent to which the
activity was completed as suggested in the PD materials. The possible
scores were, 3, 2, 1 or 0. The criteria for each were as follows: a score
of 3 indicated that the activity had been carried out in a way consistent
with the ideas presented in the PD materials, the Bowland Player or mod-
ule handbook. A score of 2 suggested some elements had been modified
and aspects had been omitted, or the focus had some inconsistencies with
the ideas suggested, although similar intentions were retained. A score of
1 indicated the activity was done, but it appeared to be inconsistent or
different to the suggested approach and a score of 0 was given where the
activity had not been done at all.
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Table 4.2: Example of PD observations, Boxton Academy, Autumn term, Fostering and Managing Collaborative Work, Introductory
session, part 1.
Suggested Time
Activity time taken Aim of activity Observation summary
Intro NA 1′ The importance of discussion: To
present the aims of the session and explain
and clarify the importance of discussion.
Amy introduces the module by presenting a list of
the session activities. She does not present or use the
PD materials to provide an overview of or give any
reference to the importance of discussion in teaching
problem-solving.
1 10′ 4′ Experience a mathematical discussion:
Teachers are expected to work on a task and
to think about their own discussion when col-
laboratively problem-solving.
Teachers work in groups on the How many teachers
in the UK? problem (see handout 1, Figure 2.4, p.
20). Towards the end of the activity, Amy distributes
all the session handouts. This activity is completed
quickly.
2 10′ 4′30′′ Reflect on your discussion: Teachers are
encouraged to analyse their discussion using
frameworks provided in the PD.
Amy prompts her colleagues to look at handout 2,
Recognising helpful and unhelpful talk (see Figure
2.4, p. 20). The whole department get involved in
the discussion and talk about the way they discussed
the problem. There is consensus that much of what
they were doing was ’cumulative’ talk, building on
each others’ ideas.
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Table 4.3: Example of PD observations, Boxton Academy, Autumn term, Fostering and Managing Collaborative Work, Introductory
session, part 2.
Suggested Time
Activity time taken Aim of the activity Observation summary
3 20′ 18′ Observe a discussion lesson: To observe
video clips of lessons the feature student dis-
cussion and collaboration when working on
problem-solving tasks. The prompt ques-
tions are:
• How does the teacher introduce the
problem?
• What different approaches are being
used by pupils?
• How does the teacher help pupils to dis-
cuss productively?
• Can you characterize the types of talk
they are using?
Amy introduces the video and reads out the ques-
tions that are presented in the materials. They watch
the longer extract of Eve’s lesson. There are a range
of responses from members of the department. Mary
says she likes the way the teacher encourages stu-
dents to think about the problem individually—she
says that when they began the discussion they had
some ideas. This appears to be an observation about
the lesson structure. Phil comments on the use of re-
sources, he says he liked the use of small whiteboards,
so they could change their ideas. Tony says he likes
the way the teacher asks the pupils, ‘why?’ and ‘why
do you think that?’ Nigel notices how Eve gave the
students very little direction. Amy observes that in
order that students have opportunity to develop their
collaborative and discussion skills, the level of math-
ematics in the tasks has to be relatively low. They
watch the last part of Eve’s lesson.
71
C
h
a
p
t
e
r
4
:
M
e
t
h
o
d
s
a
n
d
m
e
t
h
o
d
o
l
o
g
y
Table 4.4: Example of PD observations, Boxton Academy, Autumn term, Fostering and Managing Collaborative Work, Introductory
session, part 3.
Suggested Time
Activity time taken Aim of the activity Observation summary
4 10′ 5′30′′ Discuss implications for teaching: This
activity is intended to provide practical sup-
port for teachers to support student discus-
sion. The principle underlying the activity
is that students need to be taught how to
discuss.
They concentrate on handout 3, Ten ground rules
for pupil-pupil discussion (see Figure 2.5, p. 21).
Amy suggests that they think about what rules they
want as-a-department. There is still collective inter-
est in finding out how many teachers there are in the
UK. As a group, they discuss the usefulness of the
ten ground rules. There is discussion about whether
agreement should be reached within student collab-
orative groups. Tony asks if there are any of the
rules that they are all agree should be used. They
then decide which rules they will use. Amy considers
group roles and assigning different roles within stu-
dent groups. Mary suggests that students come up
with rules, and this is discussed.
5 10′ 10′ Plan a lesson using one of the prob-
lems:
Amy refers to handout 1, Problems for discussion.
She suggests that everyone choose a problem to do
with a class and work in twos, threes or fours to plan
the lesson. They begin to think about the lesson de-
sign as a department, ‘shall we get them to think
about it on their own first?’ Christine is concerned
about her low-ability group accessing the task. They
discuss group sizes and their experiences, whether
they should choose the group or let students do this.
Effort is made to steer toward agreement and con-
sensus across the department.
Totals 60′ 43′
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To illustrate the coding process, I draw on an example of an activity,
from the first PD session at Boxton: activity 1, which is described in the
descriptive summary in Table 4.2 (p. 70). This was given a score of 2
because the time for the activity was reduced to half that suggested (see
Table 4.2) and the activity videos were not used. In other examples, a score
of 2 would be awarded where, for example, teacher discussion drifted away
from the aims and ideas suggested in the materials. An example of a score
of 1 was in activity 3 of the introductory session of the second PD module
at Boxton. None of the activity materials were used and the discussion was
only partially related to the aims of the PD and the activity.
The fidelity scores for each activity were weighted based on the time
suggested in the PD materials for that activity and a total determined for
each session in each school.
Reliability was assessed by considering the initial results in compar-
ison with the case descriptions: calibrating and making adjustments as
necessary, in order that the fidelity scores appeared consistent with the
qualitative data i.e. the descriptive analysis of the PD sessions in Tables
4.2–4.4. The results are presented in Chapter 5 (see Table 5.8, p. 118). The
total weighted fidelity scores for each PD session is illustrated graphically
in Figure 5.2 (p. 119).
4.3.3 Synthesising the contextual analysis with the
fidelity analysis
Having carried out the two previous analyses, I summarised the contextual
data in order that I could make some cross case analysis of the effects of
context on PD coherence. I summarised the contextual data into four over-
arching characteristics: contextual coherence, PD integration with school
aims, department leadership style and department culture. For the first
two characteristics I summarised the context as high coherence, moderate
coherence and low coherence.
In respect to contextual coherence, I considered the schools’ examination
results and OfSTED judgements. I summarised it to be a ‘high’ contextual
coherence when the school’s results were good and there was a positive
trend. I gave a moderate summary if the schools results were about the
national average and the OfSTED judgement in the most recent report was
‘good’. I gave ‘low’ to contexts that were more demanding than this.
I used a similar high, moderate and low coherence descriptor to sum-
marise the extent to which the PD was integrated into the school. I used
two criteria, the first was whether the PD was integrated into the school de-
velopment plan and second, whether the PD had been evaluated. No school
met both criteria. If the school had integrated the PD into its development
plan without evaluating it I summarised it has a ‘moderate’ coherence. If
the schools had done less than this I counted the PD integration as ‘low’.
At department level, I looked at the PD leadership and used one or two
single word descriptors to summarise the leadership. These were derived
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through using an open-coding qualitative analysis of the data collected
about departments:
• Informal – The head of department has a relaxed and easing going
style, discusses decisions with members of the department and shares
leadership and management tasks.
• Participatory – The head of department is involved in activities tak-
ing place in the department, they lead from amongst the department.
• Authoritarian – They have a strong sense of authority, they make
decisions without always consulting the department.
• Crisis – There is no leadership function or it is in a state of rapid
transition.
I used a similar approach in summarising the department culture:
• Cooperative – Individual teachers share resources and offer mutual
support.
• Team-spirited – A culture in which teachers are keen to work together
and develop consensus.
• Individual – Teachers work individually and behind closed classroom
doors.
• Collaborative – Teachers develop lessons together and observe each
other teach.
Finally I summarised the longitudinal fidelity profile as declining or
stable (remained roughly the same through the project) as a fidelity profile.
From the summaries of each aspect of context and coherence, I explained
the fidelity profile for each school in terms of the contextual factors and the
extent to which each contributed. I was therefore able to explain how the
PD was used in each department. The results of this analysis are presented
in Section 5.4 (p. 122).
The intention of the approach I adopted in this synthesis was not sim-
ply to reduce contextual and coherence characteristics to overly reductive
labels. My aim here is to allow these summaries to offer a conceptual guide,
to enable the reader to quickly get a sense of the richer cross case analysis
and discussion. The labelling and categorisation is not a conclusion but a
presentational device.
To illustrate this, a school with a high department coherence charac-
teristic and low school characteristic can be compared with a school with
different coherence characteristics. In the readers mind this is a simplified
overview, which is a first opportunity to engage with the in-depth case
analyses. Importantly, it is the richer accounts of context that I have used
in the formation of conclusions.
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4.3.4 Study 3: How teachers used the PD materials
in sessions
This aspect of the research was intended to address the adjunct to the
research question, how do teachers use the professional development mate-
rials: what do they attend to and why? I was interested in what teachers
attended to in the PD and to understand why particular aspects were
important. From an observational learning perspective, I wanted to under-
stand the processes by which teachers observed and interpreted the content
of the materials. Initially, the funders, I believed, had conceived this ques-
tion, ‘what do teachers attend to and why? ’ as a study of what teachers
noticed in the PD. I, in introducing social learning theory, was interested,
not just in the aspects of the PD to which teachers’ attention was drawn
and the aspects they noticed, but in the processes of observation and notic-
ing. Social learning theory gave this analysis a broader conceptual range,
bridging noticing and observation to action.
Given that I had three case study mathematics departments who com-
pleted two PD modules (that was four PD sessions: an introductory and
follow-up session for each module), I had to decide on an approach that
would reveal most about observational processes. The PD sessions had
been observed and video-recordings made of each session, these were used
as a data source for this study. They exhibited teachers’ reactions to and
discussions about the approach suggested in the PD. Teachers, in these ses-
sions, made comments and provided reactions to the suggested approach.
I used data from introductory sessions, since this preceded teachers’
attempts to implement the suggested approaches in the into-the-classroom
phase of the PD. It provided me with an illustration of what teachers were
doing in the context of a PD session as they thought about implementing
the approach in a lesson. In the follow-up sessions, teachers’ discussions
involved reflecting on their experience. I wanted their discussion to feature
some aspect of what they thought about implementing the ideas in their
classrooms. So I focussed on the introductory sessions.
I identified those parts of the introductory sessions that revealed most
about what teachers attended to and noticed in the PD. To do this, data
reduction and preliminary analysis was carried out for each introductory
session. A descriptive summary was produced for each session which pro-
vided a summary of each activity through the PD session. In Section 4.3.2
(p. 68), I described the analysis of fidelity which used the descriptive sum-
maries of all PD sessions. An example is shown in Tables 4.2, 4.3 and 4.4
(pp. 70–72). This example is a summary of the Fostering and Managing
Collaborative Work introductory session at Boxton.
It can be seen how activity 3 (see Table 4.3, p. 71) represents a major
portion of the PD session, it took 18 minutes of the 43-minute session.
Just over half the activity involved observing video clips of the model les-
son, which featured a class working on the How many teachers in the UK?
problem. Approximately 5 minutes of the activity featured a discussion
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between teachers about the lesson they observed. There were similar activ-
ities in the first introductory sessions at Barrington and Norman Fletcher.
I therefore analysed teachers’ reaction, comments and discussion about an
example of the ideas in the PD illustrated in a video of a lesson using the
‘observe a lesson’ activity.
Although, I considered analysing the ‘observe a lesson’ activities in each
of the three schools, I used a single case for this. At Barrington the activity
lasted 23 minutes, but the discussion was brief and featured just three of
the seven teachers. At Norman Fletcher, they spent 18 minutes on this
activity, having watched 6 minutes of the 12-minute example lesson. The
discussion was led by the head of department. Since the department was
large (15 teachers) it was not possible to get a complete audio recording of
all teachers’ contribution to the discussion. The ‘observe a lesson’ activity
at Boxton was a concise and vivid illustration of the discussions I had
observed in the three PD sessions; I therefore used the introductory PD
session at Boxton as an intensity sample. This type of purposive sampling
involves identifying a case with a particular set of characteristics (Cohen
et al., 2011). I sought from my data set, an example that “provides clear
examples of the issue in question” (Cohen et al., 2011, p. 157). The
‘observe a lesson’ activity in the first introductory session at Boxton met
these criteria. The characteristics I sought were that the data included
discussion between teachers about the video lesson and that that the data
was suitable for analysis.
The discussion was transcribed and is presented in the results in Chap-
ter 6 (Section 6.1, p. 128).
The methodological approach was an explanatory case study, where
I sought explanation and causes for the phenomena observed. I used a
propositional approach to analysis, this involved hypothesising a theoreti-
cal position and using this to explicate the observations made by teachers in
their discussion. I used observational learning theory and its wider concep-
tual context of social learning theory as explanatory theory. In using this
approach it is necessary to consider rival explanations and theory: these
examinations are considered in the results in Chapter 6 (Section 6.1, p.
134).
The validity of this aspect of the study was dependent on the validity
of theory and the quality of the inferences made about the comments and
discussion between teachers. This is strengthened by using a propositional
approach and examining rival explanation and theory. However, of all the
components of this research, this area is the more tentative and would
benefit from further study. In spite of this, the analysis offers valuable
insights into the way teachers interacted with the PD, attend to aspects of
it, and evaluated it.
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4.3.5 Study 4: How teachers used the PD materials:
teacher case studies
In this part of the study, I addressed the research question, how do teachers
use the professional development materials? and focussed on how teachers
implemented the ideas suggested in the PD. It was related to the study of
a group of teachers I described in the previous section, but goes further by
looking at the way in which teachers implemented the ideas. The previous
analysis focussed on observational processes, as teachers engaged with the
PD’s suggested approach portrayed in edited video of example lessons. In
this part of the research, I was interested in how teachers implemented
the PD. I continued to attribute learning to attentional processes of obser-
vational learning, but I was interested in how the models within the PD
materials were interpreted, adapted and implemented. Moreover, I was
interested in the reasons teachers adapted the suggested approach, where
they had done so.
In this part of the study I was interested in the production and moti-
vational processes of observational learning. That is, how teachers turned
the ideas they had observed in the PD into lessons and the reasons for their
decisions.
I decided on a case study approach for this analysis, my choice was in-
formed by Yin’s (2009) guidance on methodology selection (kindle edition
location (loc.) 421). If the research question involves a ‘how?’ question
then it is likely that it is an explanatory study. Yin suggested, for this kind
of study, the options are experimental, historical or case study methodolo-
gies. Since I was dealing with contemporary events and that I would not
be able to “manipulate behavior directly, precisely or systematically” (loc.
485), I ruled out historical and experimental studies and chose a case study
approach with individual teachers as units of analysis.
I selected cases based on a quota sampling approach (Cohen et al., 2011,
p. 156): one teacher from each school. Within schools, I used purposive
sampling for selection of cases. This involved the selection of particular
cases with certain attributes. My purposive sampling was also informed
by an intensity sampling approach “. . . in which the sample provides clear
examples of the issue in question” (p. 157).
In order to provide “clear examples”, I selected teachers who taught
high-attaining groups through the project. I was aware (from my own
experience and observations in the pilot study) that teachers who par-
ticipated in the observations found implementing the suggested student-
centred problem-solving approaches challenging. They found it more chal-
lenging with lower-attaining groups. Consistent with Boaler’s (1997) anal-
ysis, I found these groups often included students with low-levels of math-
ematical confidence and negative attitudes to mathematics. In order to
investigate how teachers used the materials I decided to try and minimise
this effect and focus on the way in which teachers used the materials with
higher-attaining groups.
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This is not to say that I do not believe that all students should have the
opportunity to engage in problem solving. However, I had particular aims
in this research that was to understand how teachers learnt new approaches.
My view was that if I could improve the quality of professional development
as a consequence of this research, I could focus on the particular issues
apparent in the teaching of low-confidence, low-attaining learners in the
future.
In each school there was at least one teacher, who had agreed to partic-
ipate in the video study and who taught a ‘top set’. At Barrington there
were two teachers who taught year 11 set 1 classes, Barry and Imran. Im-
ran was selected for this analysis as Barry (I believed) was different to the
other teachers involved in the study. I considered him to be confident and
he had a particularly strong relationship with his class. My judgement was
that he was much more at ease with student-centred approaches than the
other participating teachers. I decided, therefore, to focus on Imran, since
his experience I considered more representative of the kinds of challenges
teachers had in incorporating student-centred teaching into their teaching.
This decision was consistent with my intensity sampling approach.
In the project guidance, I asked heads of departments to ensure the
teachers I observed worked with the same year 8 or year 9 class for the
whole project. Barrington was a 14–19 school with year 10 and 11s only.
In my initial discussions with Deborah, the head of department, we agreed
that they could participate with year 10 classes. However, when it came to
finding teachers to participate in observations, Barry and Imran wanted to
work with year 11 classes. To ensure I had a sufficient number of partici-
pants I allowed this. I had expected that they would adapt tasks to provide
an appropriate level of demand and challenge. However, Imran chose to
use the tasks in the PD materials with a high-attaining year 11 class. This
in the end, I believe, was not detrimental to the research.
The three teachers selected for the case studies were: Imran (Barring-
ton), David (Boxton) and Cath (Norman Fletcher).
This analysis focussed on how teachers took the ideas suggested in the
PD sessions—described in print materials and illustrated in video—and
translated them into classroom practice. I decided to analyse the teachers’
first attempt to teach using the ideas suggested in the PD. This was the
lesson after the first introductory session of the first PD module—the first
into-the-classroom lesson. In this lesson, teachers were trying out a lesson
they had planned in the PD session using the ideas suggested in the PD.
There were two reasons for using the first into-the-classroom lesson.
The first was a fatigue effect: departments implemented the PD less con-
sistently with the design intentions during the second modules. The results
of my analysis of this are presented in the next chapter (see Section 5.3, p.
117). Using the intensity approach I wanted to maximise the issue under
investigation.
The second reason was so that I could exploit the sequential develop-
ment of interviews that I conducted with each teacher after each of the five
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observed lessons. I elaborate on the data collection and analysis next.
I observed and video-recorded the lesson and carried out an interview
with the teacher after the lesson. I carried out an analysis of the lesson
using a lesson structure approach. A lesson structure is, “. . . the hierarchy
or arrangement of episodes or passages of a lesson that are related yet have
distinct features” (Watson and Evans, 2012, p. 89). This was developed
in collaboration with the University of California, Berkeley as part of a
structured observation scheme (see, Schoenfeld, 2013). It also built on
previous work on lesson observation by the Shell Centre in the development
of SCAN (Systematic Classroom Analysis Notation) (Beeby, Burkhardt,
and Fraser, 1979) and drew on the lesson structure approach developed by
Clarke and collaborators (see, for example, Clarke, Mesiti, Jablonka, and
Shimizu, 2006).
I describe the approach in more detail next.
4.3.5.1 Lesson analysis
This analysis involved dividing the lesson into a series of episodes, where
episodes were defined as “. . . periods of time during which the class is en-
gaged in one relatively coherent type of classroom activity” (Schoenfeld,
2013, p. 5). The episode types I identified were:
• Whole-class episodes – the characteristic of this type of episode
was that the teacher led the events and might include, for example,
whole-class discussion. This type of episode was further classified as:
– Launch – the teacher introducing a problem, task or activity.
– Teacher exposition – a lecturing or explaining type of whole-class
episode.
– Teacher directions – the teacher is giving instructions about
classroom organization or the way in which some activity should
be undertaken.
• Small group work – students work in groups of two or more on a
task or activity.
• Student presentations – students present their work to the whole
class.
• Individual work – students working on their own on a problem.
A colour coding scheme was devised for this classification and is shown
in Figure 4.2. As with other studies (Beeby et al., 1979; Clarke et al.,
2006; Schoenfeld, 2013) the identification of episodes was found to be rea-
sonably reliable without having to undergo more formal tests of inter-rater
reliability.
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Episode 
code Description Colour
N Not coded
W Whole class
W(L) Launch
W(E) Exposition
W(D) Directions
G Small Group Work
P Student presentations
I Individual work
Whole 
class: 
teacher 
led
Legend
Figure 4.2: Lesson structure: the coding used for the different types of
episode in a lesson.
I made direct comparisons between the lesson structure of each teacher’s
into-the-classroom lesson and the lesson plan that was included in the PD
materials and also illustrated in the video materials. This gave an indi-
cation and pictorial representation of how teachers adapted the ideas and
approaches suggested in the PD.
However, I was not just looking at the adaptations teachers had made
to the lesson structure. I also considered characteristics within the lesson
that differed from the suggested approach. In the case of Imran’s lesson,
it was the way in which he used questioning, in David’s lesson, it was the
way in which he used group roˆles in collaborative groupwork, whereas Cath
made few adaptations overall.
I wanted to know why they had made adaptations (and why not) and
what their perceptions of and motivations for the adaptations were. I
was looking for an explanatory analysis of how teachers turned the ideas
presented into classroom practice.
4.3.5.2 Teacher interviews
I found that a comparison of lesson structures with the suggested lesson
plan was useful but insufficient in elaborating on how teachers used the
PD materials and how they had adapted and implemented the PD into
the classroom. I therefore used post lesson interview data to identify how
teachers believed they had used the materials and their reasons. The inter-
view that took place after the observed lesson provided some indication of
what aspects of the PD and the lesson were important. However, the main
source of perspective on teachers’ use of the PD materials was taken from
the series of interviews I conducted after the fourth round of interviews.
Each teacher was interviewed five times through the project, after each
observed lesson, interview protocols were developed progressively. Cohen
et al. (2007, p. 353) described a spectrum of interview types, ranging from
closed quantitative interviews to standardized open-ended interviews to an
interview guide approach to an informal conversational interview, each of
these becoming less structured and less formal.
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The initial interviews were of an informal conversational type, this gave
me the chance to get to know each teacher and to put them at ease about
the observation process. After the third round of interviews, I analysed
the interview data from three teachers (one from each school) in order
to develop an interview protocol for the fourth round of interviews. The
protocol is shown in Figure 4.3. I used the fifth interview for respondent
validation.
Figure 4.3: Post-lesson interview protocol.
This protocol was used for other aspects of the research and so the
questions related to all the research questions. However it was particularly
question 2 that had been developed to address this part of the research.
• Describe the aspects of the PD that you used most in planning and
doing that lesson.
– Why were they/was that more important than other things that
you saw in the PD?
– Why did you think that was particularly important?
– Describe some of the aspects of the PD that you have seen that
you have incorporated directly into this lesson.
I found that I had to be flexible in the way I used this protocol and
adapted the questions in the actual interviews. An example of an interview
transcript is included in Figure 4.4–4.7 (pp. 82–85). In this it can be seen
how Imran did not explain how he used the PD materials in his answer to
question 2 (Figure 4.4, p. 82). He revealed more about this as a result of
questions I asked in the discussion relating to question 4 (Figure 4.6–4.7,
pp. 84–85).
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Post lesson interview with Akim Kadara, Longslade, 22-2-2013 
Lesson 4 
[Prior to interview Akim is reprimanding two students] 
Q1. How do you think that went? How did you find that lesson, should I say? 
Akim: In all honesty, I was quite pleased with it. I WKRXJKW« 
,WKRXJKWWKH\ZHUH«WKH\WKRXJKWDERXWWKHSUREOHPYHU\ZHOO:H went through the 
problem for the last twenty minutes yesterday. The suggestions they were coming out 
with yesterday was quite positive, so I thought it was going to be a good lesson. I thought 
a lot of them, without being aware of those terminologies we use, were actually really 
thinking about how the responses from those students ± the sample work ± how they 
UHVSRQGHGWR«WKHOD\RXWRIWKHZRUNWKHVROXWLRQDQGHYHU\WKLQJ, they were already 
talking about that some of them were better than the others. I thought that was really 
good and obviously by the time I gave them the key processes and refine WKDW«SXWWKDW
into perspective so now OK I am going to focus on how they represented it and they 
made a statement with regards to things like that. So I thought that was really good. I 
thought a lot of them really contributed to it compared to probably all the video sessions 
that we have had. I thought a lot of them got more into it.  I was quite happy with that  
Q2. In terms of the professional development, this last lesson. I want you to describe the 
aspects of the PD that you used most in the planning of and doing that lesson? 
Akim: Sorry, say that again. 
Steve: What aspects of the PD did you use most in planning and doing that lesson? This is 
the last PD session and the materials. 
$NLP,GRQ¶WXQGHUVWDQGZKDWDVSHFWRI«\RXPHDQ« 
Steve: If you think in terms of the professional development and the materials that come 
with it, what aspects of that have you used most in the planning and doing of this lesson? 
Akim: Are you talking about the problem-solving aspect? 
Steve: In general, what did you use most in planning and doing the lesson? What you 
took from that PD if you like? 
Akim: What I took from that PD? Ok, well basically I have seen most of my students 
become more involved in with regards to the way they think about problems. Unlike 
before they would just get going without thinking much. I would say most of them are 
thinking about the problem before they actually write things down. For me that is an 
achievement in a way in the sense that they are actually doing the thinking before 
DFWXDOO\SXWWLQJDQ\WKLQJGRZQ)URPWKDWDVSHFW,WKLQNZHKDYHPDGHD« 
Steve: In terms of actually using materials, you have followed pretty much the lesson 
plan? 
Akim: Yes, that is what I have done, yeah. 
Figure 4.4: Post lesson 4 interview with Imran, transcript.
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Q3. Could you just briefly describe this lesson is different compared to how you teach 
normally? 
Akim: OK, quite different. I would say that this is probably a better lesson in the sense 
that you are asking the students to think most of time and discuss most of the time in 
pairs which is most likely to generate a lot of positive results WKDQWKHQRUPDO«WKHPRVW
of the time we are doing SOHCAHTOA and I give them the formula and they just use it 
and apply it straightaway. However, in this case I see them talking more about the 
problem and actually make it constructive criticism of things and applying their prior 
knowledge. I think that is really good because the one thing we were talking about, I 
ZDVQ¶WWKLQNLQJWKDWWKH\ZHUHJRRGDWWKLQNLQJRQWKDWOLQH,WKLQNWKDWZDVJRRG 
Steve: I am going to talk about these last few questions and talk about the professional 
development we have done all the session we have done and all the materials we have 
looked at. Perhaps also think about your experience of doing now four lessons. You might 
have done other things as well. 
Q4. So as a result of taking part in the PD, what do you think has changed as a result o
taking part in the PD? I am not just talking about in these lessons I am talking about 
overall. 
Akim: I have come to understand that really these problem-solving skills are so crucial to 
teachers learning that is what I have come to realise that and I have been doing that to 
my classes now. I tend to withhold more and let them think than give and they just get 
on with it because I do that now most of the time because I see that holding back a little 
bit sometimes and getting them to think then when they struggle I help them. I help 
them more that way than the way I would normally do it «MXVWJLYHWKHPZKDWWKH\
need to solve the problem with and they get on with it. I see that this generates more 
thinking from their end and doing that it makes their maths a lot better. To be quite 
honest with you quite a number of them in this classroom are becoming a lot stronger in 
their maths then I am quite pleased. The girl over there, Sara Olsen, if you saw here last 
year, year ten, you would think she was not a set one kid, she is improved so much she 
has got A*s in her grades now so I am quite happy that she is able to think well about 
things. Since we have started the PD I have sorted like been doing that most of the time 
with them. 
Steve: So giving them more chance to think and discuss the problem rather than stepping 
in? Ok and you have done that to some degree in other classes. 
Akim: Yeah in fact I have been carrying that with my other top sets which I see in the 
next lesson.   
Steve: Is that something you find difficult to do? 
Akim: I always find that difficult.  
Steve: Why? 
$NLP,WVSUREDEO\WKHFDVHRIQRWEHLQJFRQILGHQWHQRXJKWRH[SORLW«WRVHH«WRKROG
an answer. Because I used to teach in London and I just teach in South London and most 
Figure 4.5: Post lesson 4 interview with Imran, transcript.
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of the kids in my school were quite weak from deprived home and you were teaching and 
WKH\MXVWGRQ¶WJHWLWDQG\RXKDGWRJLYHWKHPVR,JRWXVHGWRWKDW$QG,WKLQNLWLVD
JRRGH[SHULHQFHWKDW«\RXVWDUWWRVHHWKDWZHOODFWXDOO\QRWDOONLGVDUHOLNHWKDWVRPH
of them can actually think through the problem just be patient enough. I think since we 
started doing this I have been a bit more patient not rushing to give, holding back and 
letting them think. I have been doing that quite a bit, not just with my top-set, with my 
bottom sets as well. 
Steve: But you still find it difficult 
Akim: I still find it difficult. At least I am a lot better than the way it used to be before.  
Steve: I just want you to think about the whole PD and everything that you have done. I 
just want you to think about anything that you have particularly seen in the video are 
there any of the materials that have stood out that you think have been paritculalry 
important or particularly useful to you as part of this. 
Akim: Well what I saw in the videos and the handouts and all that is obviously a well-
planned lesson taking into consideration the kind of kids you have got in the classroom. 
That is the reason that sometimes when I look at these problems I tend to just adapt to 
P\FODVV,ZRQ¶WSDUWLFXODUO\JRZLWKH[DFWO\ZKDWLVLQWKHOHVVRQSODQ,ZRXOGVRUWRIOLNH
adapt it to my lesson. So I have seen a lot of well-planned lessons in there and there is a 
veU\JRRGUHODWLRQVKLSLQWKHZD\WKHWHDFKHUVUHODWHWRWKHNLGV« 
Steve: So in the videos? 
Akim: Yeah in the videos. I thought that was excellent as well.  
Steve: As examples of how possibly it could work in your classes? 
Akim:  Yes, how possibley it could work in my class and also confidence, sort of like 
having high expectations of the kids as well. 
Steve: So seeing those models? 
Akim: Yes, seeing those models. I think that is really good and the other thing also that I 
ZRXOG«WKHFRQILGHQFHWKDWWKH\KDve in going ahead with this. To be honest with you 
if anything what actually made me want to go through this was just to build my 
confidence a bit 
6WHYH+DYHWKHUHEHHQH[DPSOHVRIZKHUH\RXKDYHWKRXJKW,MXVWFRXOGQ¶WGRWKDW 
Akim: Many  
Steve: Having this structure and this lesson plan where you can just step through it and 
« 
Akim: I will give you an example some of my sets, like my current set two. I am finding it 
difficult to teach them similarity in 3Ds. Because I am thinking they are not taking it in. 
7KH\DUHVWUXJJOLQJZLWKWKHRQHLQ'6RPHWLPHV,VSHDNWR<XUL³+RZZRXOG\RXWHDFK
WKLVKRZZRXOG\RXGRWKDW"´7KRVHNLQGVRIWKLQJVDQGWKLVLVRQHRIWKHPEHLQJDEOHWR
do that is really a breakthrough that you are able to, not just to keep spoon-feeding ± if I 
Figure 4.6: Post lesson 4 interview with Imran, transcript.
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can use that word ± but holding back, let them think and I can actually see them getting 
better. 
 
Steve: So if I was to summarise how I would understand what you are saying. First of all, 
ZHKDYHQ¶WUHDOO\WDONHGDERXWWKLV± the fact that you have taken part in the video-study 
means that you have had to do it --  6RRQHWKLQJDSDUWIURPVD\LQJ³,DPMXVWQRWGRLQJLW
DQ\PRUH´<RXKDYHKDGWRJRDQGHQJDJHLQGRLQJWKLVWKDW¶VEHHQTXLWHDQLPSRUWDQW
SDUWRILWKDVQ¶WLW"7KHRWKer thing is what you have been saying is very important to you 
is learning how to stand back a bit and learning how to let the students think. 
$NLP<HV'LVFXVVLRQ*URXSZRUN,W¶VQRWVRPHWKLQJ,XVXDOO\GR,ZLOOEHKRQHVWZLWK
you I am enjoying it now,DPVWLOODWWKHYHU\HDUO\VWDJHEXW,WKLQN,ZLOOGRPRUH« 
Steve: I was going to ask you that. What stage do you think you are at and where do you 
think you going? 
Akim: I think I am at the very, very early stage. But I think it would definitely get better, 
the more groupwork one does and the more you are able to find that [ ] to think and that 
helps your planning as well.  
Steve: In terms of how I understand the PD, there is one aspect that I am going to raise 
WKDWZHKDYHQ¶WWDONHGDERXW%XW\RXKave got these video examples, there useful in a 
sense that you can see people doing it confidently. So you can think about how that 
might work with your class then also you have got printed materials which you have got 
a step-by-step way of doing it. That, as I understand, is how you have found the PD 
important. What about working together as  a department? When you come together for 
these PD sessions, how do you think that has been helpful of not helpful? 
Akim: It has been really helpful to be honest. In the department, I ask a lot of questions 
DQ\ZD\&RPLQJDWLWDVDGHSDUWPHQW«,WHQGWRDVNDORWRITXHVWLRQVEHFDXVH,NQRZ
that the more questions I ask, the more confidence the children have in the teacher. So, 
IRUPWKDWDVSHFW,WKLQN«FRPLQJDWLWDVDGHSDUWPHQW«,WKLQN,KDYHJDLQHGPRUH
from the interaction in regard to the PD than anything. Does that answer that question? 
Steve: Yes it does, and I think that has answered everything that I wanted to ask for the 
time being. Obviously we have got one last observation to do, whether we can get that 
done before Easter, I would like to but we have got another PD session to have first then 
one last observation and then I would like to ask you a few questions again.  
  
 
 
Figure 4.7: Post lesson 4 interview with Imran, transcript.
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Analysis
The first stage of analysis involved constructing a pen portrait for each of
the three teachers, summarising the preceding PD session, analysing the
lesson and finally extracting aspects of the interview relating to how they
used the PD which revealed their motivations and perspectives.
The preceding PD sessions, in each of the three school, had been sum-
marised activity-by-activity and selectively transcribed. I made compar-
isons between the PD and each of the into-the-classroom lessons.
The main part of the analysis involved lesson 2, the into-the-classroom
lesson, the interview after lesson 4, and any comments made by the teacher
in the lesson 2 post lesson interview. The process involved identifying
adaptations and palpable features of the lesson and then using the interview
responses to identify teachers’ explanations about their implementation
strategies. The coding for this was done by hand for each of the three
teachers, using transcripts of the lesson 4 interviews. The results of this
analysis are presented in Chapter 6 (Section 6.2, p. 140).
4.3.6 Study 5: Quantitative analysis of changes in
teachers’ practices and self-efficacy
I investigated the research questions: how do teachers’ practices change?
And, how do teachers’ self-efficacy beliefs change over the course of the
PD? using a quasi-experimental methodology. I considered how all the
teachers, who participated in at least three out of the four PD sessions,
believed their teaching had changed over the course of the PD programme.
I also looked at how teachers’ self-efficacy had changed over the duration
of the PD.
The former was based on teachers’ self-reports about their practices. I
used an instrument developed by Swan (2006a) based on ideas developed
by Askew, Brown, Rhodes, Johnson, and Wiliam (1997) (see Table 4.5).
Each item was categorised by Swan (2006a, p. 198) as student-centred or
teacher-centred in a similar categorisation used by Cuban (1993). Teachers
were asked to rate the frequency of use of each approach on a scale of:
almost never, occasionally, about half the time, most of the time and almost
always.
I used two instruments to measure teacher self-efficacy. I used a 12-item
teacher self-efficacy instrument (see Table 4.6, 87) which was developed by
Tschannen-Moran and Woolfolk Hoy (2001) and which had been given
extensive validation which I discussed in Section 3.2.3 (p. 43). Tschannen-
Moran andWoolfolk Hoy (2001) identified three factors: efficacy for student
engagement, efficacy for instructional strategies, and efficacy for classroom
management.
I also developed a 20-item instrument that was specific to the ideas
presented in the PD and included items that reflected the approaches sug-
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Table 4.5: Teachers’ self-reported practices instrument items
Item Teacher- or
No. Student-centred Item
1 T Students work through exercises.
2 T Students work on their own, consulting a neighbour from time to time.
3 T Students use only the methods I teach them.
4 T Students start with easy questions and work up to harder questions.
5 S Students choose which questions they tackle.
6 S I encourage learners to work more slowly.
7 S Students compare different methods for doing questions.
8 T I teach each topic from the beginning assuming they know nothing.
9 T I teach the whole class at once.
10 T I try to cover everything in a topic.
11 S I draw links between topics and move back and forth between topics.
12 S Students work collaboratively in small groups.
13 T I avoid students making mistakes by explaining things carefully first.
14 T I tend to follow the textbook closely.
15 S Students discuss their ideas.
16 S Students work collaboratively in pairs.
17 S Students invent their own methods.
18 S Students work on substantial tasks that can be worked on at different levels.
19 T I tell learners which questions to tackle.
20 T I encourage students to work more quickly.
21 T I go through one method for doing each question.
22 S I find out which parts students already understand and don’t teach those parts.
23 S I teach each student differently according to individual needs.
24 S I cover only the important ideas in a topic.
25 T I teach each topic separately.
26 T I know exactly what maths the lesson will contain.
27 S I encourage students to discuss mistakes they make.
28 S I jump between topics as the need arises.
Possible responses: Almost never, Occasionally, About half the time, Most of the time, and Almost always.
Table 4.6: Standard teaching efficacy questionnaire (short form)
(Tschannen-Moran and Woolfolk Hoy, 2001)
Item
No. Item Factor
1 Controlling disruptive behaviour in the classroom. Classroom management
2 Motivating students who show low interest in school work. Student engagement
3 Getting students to believe they can do well in school work. Student engagement
4 Helping your students value learning. Student engagement
5 Crafting good questions for your students. Instructional strategies
6 Getting children to follow classroom rules. Classroom management
7 Calming a student who is disruptive or noisy. Classroom management
8 Establishing a classroom management system with each class. Classroom management
9 Using a variety of assessment strategies. Instructional strategies
10 Providing an alternative explanation or example when students are confused. Instructional strategies
11 Assisting families in helping their children do well at school. Student engagement
12 Implementing alternative strategies in your classroom. Instructional strategies
Teachers were asked to rate how certain they can do the above items on a scale of 1–9: 1—Cannot do at all,
3—Can do a little, 5—Moderately can do, 7—Can do quite a lot and 9—Certain can do.
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gested in the PD. This is shown in Table 4.7. I developed this instrument
using the approach suggested by Bandura (2006).
Table 4.7: Teaching problem-solving efficacy questionnaire
Item
No. Item
1 Setting out the problem so that students can start working without detailed guidance about procedures.
2 Getting students to reflect individually on the problem and consider their options for strategy.
3 Allowing students to choose what resources to use (PCs, calculators, protractors, compasses and other tools and materials).
4 Helping students organise themselves into effective groups.
5 Facilitating student groups discussing the problem together.
6 Getting students to build on and challenge one another’s ideas constructively.
7 Keeping talk mathematical rather than just idle chatter.
8 Ensuring all members of a group contribute.
9 Giving guidance where groups are not working well together.
10 Getting students to behave responsibly and appropriately when working on open-ended problems together.
11 Getting students to use mathematical skills effectively to solve problems.
12 Providing appropriate levels of assistance to struggling students.
13 Crafting good questions that support students’ problem-solving.
14 Allowing students to choose what maths to use.
15 Developing mathematical skills and knowledge in this kind of lesson.
16 Encouraging students to present their findings to the rest of the class.
17 Getting students to evaluate their progress on solutions and identify next steps.
18 Providing formative assessment of students’ problem solving.
19 Using ICT (e.g. PCs) to support students’ problem solving.
20 Ensuring a definite conclusion to the lesson rather than just ”stop there and pack up”.
Teachers were asked to rate how certain they can do the above items on a scale of 1–9: 1—Cannot do at all, 3—Can do a little,
5—Moderately can do, 7—Can do quite a lot and 9—Certain can do.
I administered an online questionnaire (using the Bristol Online Sur-
vey service https://www.survey.bris.ac.uk/), which included all
three instruments, before and after the PD programme. I encouraged all
teachers in each of the three mathematics departments to complete the
questionnaire. I also asked heads of departments to encourage all to com-
plete the questionnaire: 29 teachers completed the questionnaire at the
beginning of the project, and 22 teachers completed the questionnaire at
the end of the project.
For the analysis I used responses from teachers who had completed
both questionnaires and attended at least three of the four PD sessions,
the sample was therefore n = 18, and the composition of this sample is
shown in Table 4.8 (p. 89): 17 teachers attended all four sessions and
1 teacher attended 3 sessions. This included 8 teachers from Boxton, 4
teachers from Barrington and 6 teachers from Norman Fletcher. This was
80%, 57%, and 55%, respectively, of all the teachers in each department
who attended at least three of the PD sessions.
4.3.6.1 Hypotheses
Teachers’ practices My hypotheses in relation to teachers’ practices
was that teachers would report less use of teacher-centred approaches (T).
The null hypothesis was:
H0 : µpost − µpre = 0 (4.3.1)
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Table 4.8: Teacher sample in quantitative analysis
Teacher School
Deborah
Barrington
Imran
Lynne
Cheryl
Amy
Boxton
Tony
Mary
Christine
David
Nigel
Jane
Adrian
Matt
Norman Fletcher
Cath
Jenny
Lydia
Pete
Anne
And the alternative hypothesis:
Ha : µpost(T ) − µpre(T ) < 0 (4.3.2)
With a significance level of: α = 0.05. The null hypothesis was rejected
at p ≤ 0.05.
Teachers’ self-efficacy Teacher self-efficacy consists of three factors: ef-
ficacy for student engagement, efficacy for instructional strategies, and effi-
cacy for classroom management. My hypothesis was that the PD would im-
pact on teachers’ self-efficacy in respect to instructional strategies (TSEis)
and student engagement (TSEse). I expected that teachers would develop
instructional strategies and student engagement but not classroom man-
agement. The PD was designed to support the development of the teach-
ing of problem solving, it seemed likely that teachers would become more
confident in using student-centred problem solving approaches and would
therefore be more efficacious in student engagement. The link I assume
here is between student-centred approaches and student engagement.
Since the PD also models a range of pedagogic approaches, I also as-
sumed a link between this and efficacy in instructional practices. Because
the PD was promoting a more student-centred approach, it would not have
a positive effect on teachers’ efficacy for classroom management. I consid-
ered that it may even have a negative effect since the suggested approaches
are more challenging to manage in the classroom.
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My hypothesis in relation to teacher self-efficacy (SE) was:
H0 : µpost − µpre = 0
And the alternative hypothesis:
Ha : µpost(TSEis) − µpre(TSEis) > 0
Ha : µpost(TSEse) − µpre(TSEse) > 0
With a significance level of: α = 0.05. The null hypothesis was rejected
at p ≤ 0.05.
Teaching problem-solving self-efficacy My hypothesis in relation to
teacher Problem-solving teaching self-efficacy (PSTSE) was:
H0 : µpost − µpre = 0
And the alternative hypothesis:
Ha : µpost(PSTSE) − µpre(PSTSE) > 0
With a significance level of: α = 0.05. The null hypothesis was rejected
at p ≤ 0.05.
4.3.6.2 Analysis
Teachers’ practices The data collected using the practices instruments
were ordinal variables—categorical data that is ordered (Field, 2009, pp.
8–9). The possible responses were: almost never, occasionally, about half
the time, most of the time, and almost always. I was not certain that
these responses would be equivalent to a continuous interval scale. As a
result, I used a non-parametric test. Furthermore, this was a within-groups
design i.e. I was using a repeated-measures design with the same sample,
so I used a Wilcoxon signed-rank test for matched pairs. This test involves
finding the difference in responses for each respondent and then ranking
the differences. The ranks are then ‘signed’ to reflect whether there has
been an increase or decrease. The sum of each of the positive and negative
ranks is found to find a test statistic, T . A decision is then made whether
to accept or reject the null hypothesis (Field, 2009, pp. 552–553).
The assumptions for this test are:
1. The differences between the pairs must be able to be ranked;
2. A random selection should be used in order to generalise;
3. The difference scores should come from a symmetric population dis-
tribution (Nolan and Heinzen, 2008, p. 633).
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If the distribution of differences was not symmetrical, I used a sign test.
This uses the signs of the each ranking and then a binomial distribution
to determine a probability. This has less power than the Wilcoxon signed-
rank test for matched pairs but offers greater freedom (Howell, 2002, pp.
217–218).
I was not concerned with random selection, since I was not going to
generalise the results of this quantitative analysis.
I used the same procedures as Swan (2006a). I coded the responses al-
most never—1, occasionally—2, about half the time—3, most of the time—
4 and almost always—5. I reverse-coded responses to the student-centred
items. The responses were summed to give a score for each respondent in
the pre- and post instrument ranging from 28–140 (see Swan, 2006a, p.
200). The difference between pre and post scores for each respondent was
calculated. I inspected the differences (see Figure 4.8) and concluded the
distribution to be symmetrical and therefore it was appropriate to use the
Wilcoxon signed-rank test for matched pairs.
Figure 4.8: Boxplots of differences in pre- and post teacher-centred prac-
tices scores.
In order to determine effect size I used a power calculation proposed by
Field (2009, p. 558).
z√
Number of observations
(4.3.3)
Where z can be found by converting the T statistic (see Field, 2009,
pp. 553–554, for details)
I used Cohen’s convention that a small effect size is approximately 0.2,
medium is around 0.5 and large, 0.8 (Nolan and Heinzen, 2008, p. 547).
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Where effect size is a “standardized value that indicates the size of a dif-
ference with respect to a measure of spread, but is not affected by sample
size” (p. 543).
Teachers’ self-efficacy In both self-efficacy instruments, I assumed the
1–9 Likert scale could be reasonably considered to be a continuous interval
variable. As a result I used a parametric test. Since this was a within-
groups design, I planned to use a dependant t-test or paired-samples t-test.
The assumptions of the dependent t-test are that:
1. The sampling distribution is normally distributed. In the dependent
t-test this means the differences between scores should be normal;
2. Data are measured at the interval level (Field, 2009, p. 326).
There is an assumption of homogeneity of variance and that the scores
are independent when using an independent t-test but these assumptions
do not apply to a dependent t-test (Field, 2009, p. 326).
I summed the scores for each of the three factors from the pre- and
post questionnaire. (the items and related factors are shown in Table 4.6,
p 87). The factors were: efficacy for instructional strategies, efficacy for
classroom management and efficacy for student engagement. I also summed
the scores for the pre- and post teaching problem solving efficacy instrument
(see Table 4.7, p. 88). I assumed the responses formed a scale: I present a
reliability analysis shortly.
I found the differences in between pre- and post scores for each par-
ticipant and then analysed these distributions for normality. A visual in-
spection (see Figure 4.9, p. 93 and Figure 4.10, p. 94) revealed that the
distribution of differences for efficacy for classroom management (Figure
4.9b) and efficacy for teaching problem solving (Figure 4.10) could be con-
sidered to be normal. In order to investigate normality further I used a
Kolmogorov-Smirnov test. The results of this analysis are shown in Table
4.9 (p. 92).
Table 4.9: Teaching self-efficacy: analysis of normality of the difference
distributions using Kolmogorov-Smirnov (K–S) test.
Self-efficacy factor K–S test (D) df Sig.
Instructional strategies .206 18 .042*
Classroom management .150 18 .200
Student engagement .230 18 .013*
Teaching problem solving .087 18 .200
* p < .05 therefore significantly not normal.
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(a) Instructional strategies.
(b) Classroom management.
(c) Student engagement.
Figure 4.9: Distribution of differences between pre- and post scores for
teaching self-efficacy factors.
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Figure 4.10: Distribution of differences between pre- and post score for
self-efficacy for teaching problem solving.
This strongly suggested the differences distributions for efficacy for
classroom management and for teaching problem solving were normal and
could be analysed using a dependent t-test. The results of this analysis are
presented in Chapter 7. For the efficacy for student engagement and for
instructional strategies I was guided by Leech, Onwuegbuzie, and Daniel
(2007) and decided to use a non-parametric test. I begin by testing the
assumptions for the Wilcoxon signed-rank test for matched pairs.
I inspected the symmetry of the distributions of the differences (see
Figure 4.11, p. 95) and I assumed the distribution of the differences in
efficacy for instructional strategies (Figure 4.11a) to be symmetrical and
therefore used theWilcoxon signed-rank test for matched pairs. The efficacy
for student engagement was not symmetrical so I opted to use the sign test
which provides and alternative when the assumptions for the Wilcoxon test
are not met (Field, 2009, pp. 552–553).
Effect sizes were calculated using the following equation (Field, 2009,
p. 332):
r =
√
t2
t2 + df
I used Cohen’s convention that a small effect size is approximately 0.2,
medium is around 0.5 and large, 0.8 (Nolan and Heinzen, 2008, p. 547).
Where effect size is a “standardized value that indicates the size of a dif-
ference with respect to a measure of spread, but is not affected by sample
size” (p. 543).
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(a) Efficacy for instructional strategies.
(b) Efficacy for student engagement.
Figure 4.11: Boxplots of differences between pre- and post teaching efficacy
factors.
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A note on the validity and reliability of the instruments used
Teacher practices questionnaire In terms of the validity of this instru-
ment, I considered whether it reasonably measured what it claimed to do.
In this case, does the instrument gather data that reflects teachers’ perspec-
tives on their teaching? I relied on the development work by Swan (2006a)
who validated the instrument through comparisons with other data sources.
From this he judged the instrument to be valid. I also drew on further val-
idation completed by Pampaka, Williams, Hutcheson, Wake, Black, Davis,
and Hernandez-Martinez (2012). They concluded the instrument had rea-
sonable construct validity. While I have concerns that the instrument has
not been validated through observational processes, I was happy, in the
context of this research, that it would give some indication of changes in
teachers’ practices.
In terms of the instruments internal validity, Swan (2006a) carried out
an analysis of reliability with further education teachers (n = 120) and
found Cronbach’s α = 0.85 (p. 200). I carried out a reliability test using
pre-test results (n = 19) and found Cronbach’s α = 0.91. Pampaka et al.
(2012) carried out a Ra¨sch analysis and found that it was reasonable to
assume these items were consistent. I therefore assumed it reasonable to
sum the scores for each item and reverse-code student-centred items.
Teacher self-efficacy I discussed the extensive validation that this in-
strument has been subject to in Section 3.2.3 (p. 43). I therefore concluded
that this instrument was valid and reliable for the purposes of this study.
Problem solving teaching self-efficacy This was a new instrument
that I had developed and its validity had not been tested. However, I used
an approach based on guidance by Bandura (2006). I suggest that results
based on this instrument should be treated tentatively. I used pre-test data
to conduct a reliability analysis (n = 18) and found Cronbach’s α = 0.89.
I decided that it was reasonable to accept the items in this instrument as
forming a scale and I assumed it to be valid. Although further testing
would be required to confirm this.
4.3.7 Study 6: Qualitative analysis of changes in teach-
ers’ perspectives and practices
There were two aspects to this study. The first involved the analysis
of teachers’ interviews to consider changes in teachers’ perspectives, self-
efficacy and practices. The second analysis involved looking at how teach-
ers’ practices changed through the programme using observational data.
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Interviews
For the qualitative analysis of how teachers’ perspectives and practices
changed over the course of the PD programme, I used data from teacher
interviews, these were the same interviews I used in the analysis of how
teachers used the PD materials (Section 4.3.5.2. p. 80). I also used data
from interviews with heads of departments, these interviews took place
after the PD sessions. The methodological approach I used for this aspect
of the research was grounded theory (Corbin and Strauss, 2008).
Grounded theory generally starts without theory (Corbin and Strauss,
2008, p. 40); however, there are exceptions where, for example, “. . . a pre-
viously developed framework is closely aligned to what is being discovered
in the researcher’s present study” (p. 40) or “. . . to develop middle-range
theory, a previously identified theoretical framework can provide insight,
direction, and a useful list of initial concepts” (p. 41). In this analysis, I
used social learning theory as a starting theory, this was also guided my
decision to use the analytic case study approach as proposed by Yin (2009).
From social learning theory, I derived some initial concepts to guide
coding and analysis. These were confidence, motivation and self-efficacy.
I also considered how teachers’ beliefs changed as an alternate or poten-
tially complementary explanation. I therefore used concepts such as beliefs,
perspectives and orientations in relation to teaching and learning.
Grounded theory is underpinned by theoretical sampling. This approach
is characterized by Corbin and Strauss (2008), as follows:
Analysis begins after the first day of data gathering. Data col-
lection leads to analysis. Analysis leads to concepts. Concepts
generate questions. Questions lead to more data collection so
that the researcher might learn more about those concepts.
This circular process continues until the research reaches the
point of saturation [original emphasis]; that is, the point in the
research when all the concepts are well defined and explained.
(Corbin and Strauss, 2008, pp. 145–146).
In Section 4.3.5.2 (p. 80), I described the interview strategy used as a
sequential protocol development approach. This was consistent with theo-
retical sampling. While the selection of schools used a convenience sampling
approach, different components of the research used different approaches
to sampling appropriate to the research question being addressed. In this
aspect of the research, looking at teachers’ self-efficacy beliefs and how per-
spectives and self-reported practices changed, I used a theoretical sampling
approach. This involved the ongoing analysis of data through the collection
process and refining concepts and ideas through the process.
After the first PD module and the third round of teacher interviews, I
carried out a thematic analysis and developed an interview protocol guided
by the initial codes described above. The protocol is shown in Figure 4.12.
In addition, through the sequence of interviews, I also used a theoretical
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sampling strategy at a more informal level, the data from each round of
interview were analysed and I wrote analytic summaries; these guided the
focus of questioning in successive interviews and in my observations of each
department, as a whole.
Figure 4.12: Post-lesson interview protocol used in the fourth round of
teacher interviews.
Eight case study teachers (see Table 4.10) were interviewed. In the
fourth-round interview, I asked teachers to, ‘describe the way in which
this lesson is different to the way you normally teach’. This was to elicit
the extent to which they believed the approach suggested in the PD was
different to how they normally taught. I then asked a more direct question
about changes in teaching, ‘as a result of taking part in the PD what do
you think has changed in the way you generally teach’.
In order to encourage teachers to talk about the difficulties they faced in
teaching using the suggested approach, I asked, ‘what are the challenges in
teaching in the ways suggested in the PD? ’ I used this question to explore
how confident and motivated teachers were in the suggested approach.
Teachers were asked, ‘in what ways, if any, have your views about math-
ematics or teaching mathematics changed as a result of taking part in the
PD? ’ With this question, I was asking, more directly, about teachers’ be-
liefs and perspectives.
A similar approach was used in the analysis of interviews after the PD
sessions. After the second interview, which took place after the first PD
module follow-up session, I analysed the data using the approach described
above and developed an interview protocol (see Figure 4.13).
The teacher interviews were audio-recorded and partially transcribed,
the interviews with heads of departments were fully transcribed. I coded
the data using the following categories: beliefs ; confidence and motivation
and practices, pedagogy and teaching. I also considered whether data in
these categories related to changes in self-efficacy, beliefs or practices. I
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Table 4.10: Case study teachers interviewed.
Teacher School
Barry
Barrington
Imran
David
BoxtonAdrian
Christine
Cath
N. FletcherJohn
Pete
Figure 4.13: Post-PD interview protocol.
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used the fifth round of interview for respondent validation, although I did
not directly present findings, I attempted to assess the clarity of the con-
cepts developed through the analysis of the data thus far.
I completed the coding for teacher interviews by hand, identifying as-
pects of the interview which related to particular categories. For the PD
interviews I carried out the coding using software (NVivo). An example
of the coding and nodes is shown in Figure 4.14 (p. 101). This shows
the coding process from one category, teacher confidence. Each section
represents a post PD session interview at each school, then each reference
is part of the interview that referred to teachers’ confidence and how the
PD impacted on teachers’ confidence. A similar coding was carried out
for teachers’ practices and teachers’ beliefs about teaching and learning.
I combined the results of the analysis of teacher interviews and post-PD
interviews in order to provide data triangulation. In other words, using
data from different sources in order to arrive at conclusions, in this case I
used teacher interview data and data from post PD interviews with heads
of departments. I was also able to consider what I had observed in lessons
and PD sessions in arriving at my findings. This was further subject to
methodological triangulation, by looking at the results of this analysis in
comparison with the quantitative study.
Lesson observations
In this part of the study, I carried out an analysis of the observed lessons
from the three case study teachers I considered in Study 4 (Section 4.3.5,
p. 77). I observed these three teachers—Imran, David and Cath—at five
points through the project.
The first observation took place at around the same time, just before
the first PD session (in the results I refer to this in lesson 1). The second
observation took place after the first PD session; this was the introductory
session of the first PD module. Teachers planned this lesson based on the
ideas presented in the PD. The third lesson (lesson 3) took before the second
PD module. Lesson 4 followed the introductory session of the second PD
module and was based on the ideas suggested in the PD session. There
was a final observation. In all lessons, except lessons 2 and 4, teachers were
asked to teach a problem-solving lesson. In lessons 2 and 4, the lessons
were based on the problem-solving approach suggested in the PD.
The aim of this part of the study was to identify how teachers’ practices
might have developed in teaching problem solving over the course of the
PD. By using the same teachers as I did in Study 4, I was able to triangulate
the analysis of the observation data with the analysis of interviews with
those same teachers.
Principally, this analysis is concerned with observation. I used the les-
son analysis approach that I described in Study 4 (Section 4.3.5, p. 77). I
am not going to repeat the details here but summarise the key points.
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Figure 4.14: Example of coding for the category of teacher confidence from the post-PD interviews, using NVivo.
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The analysis is based on coding lesson ‘episodes’. They are ‘. . . periods
of time during which the class is engaged in one relatively coherent type of
classroom activity” (Schoenfeld, 2013, p. 5). The episode types I identified
were:
• Whole-class episodes – the characteristic of this type of episode
was that the teacher led the events and might include, for example,
whole-class discussion. This type of episode was further classified as:
– Launch – the teacher introducing a problem, task or activity.
– Teacher exposition – a lecturing or explaining type of whole-class
episode.
– Teacher directions – the teacher is giving instructions about
classroom organization or the way in which some activity should
be undertaken.
• Small group work – students work in groups of two or more on a
task or activity.
• Student presentations – students present their work to the whole
class.
• Individual work – students working on their own on a problem.
A colour coding scheme was devised for this classification and is shown
in Figure 4.15. As with other studies (Beeby et al., 1979; Clarke et al.,
2006; Schoenfeld, 2013) the identification of episodes was found to be rea-
sonably reliable without having to undergo more formal tests of inter-rater
reliability.
Episode 
code Description Colour
N Not coded
W Whole class
W(L) Launch
W(E) Exposition
W(D) Directions
G Small Group Work
P Student presentations
I Individual work
Whole 
class: 
teacher 
led
Legend
Figure 4.15: Lesson structure: the coding used for the different types of
episode in a lesson.
The results I present in Chapter 7 (Section 7.2, p. 170) are an analysis
of how the patterns of episodes changed over the five observed lessons. This
means that I was looking at the way in which the teacher provided time for
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students to work collaboratively on problems and how this featured in the
lesson. This analysis is intended to complement and triangulate results of
the other studies.
In the final part of this chapter I discuss ethics, before I provide an
overview and summary to conclude the chapter.
4.4 Ethical considerations
The project was carried out in accordance with the British Educational
Research Association’s (BERA) Revised ethical guidelines (2004). Data
was stored and used in accordance with the relevant sections covered by
the Data Protection Act (1998). Details of the research were submitted to
and approved by the University of Nottingham School of Education Ethics
Committee.
The headteacher or principal of each school was asked for written per-
mission to collect data. All potential participants were asked to give their
written consent to participating in the research. It would not have been
possible to have informed consent from the parents or guardians of all the
children before filming lessons. In order to overcome this, the schools’ ex-
isting consent was used. It was explained to schools they would need the
prior or existing parental consent for video or photographs to be taken of
students. In cases where parents specifically refused consent, students were
asked to work in other classes for that lesson, although this only affected
two classes in one of the schools where parental consent had not been given
for two students.
It was agreed that video recordings would not be used for any purpose
other than to help with data analysis unless we had the teachers’ prior con-
sent. Ethical information was given to individual participants on consent
forms and also provided in the project information booklet.
4.5 Summary
In this chapter, I have described the methods and methodological approach
using a range of observational, interview and survey methods using case
study methodology and addressing the following research questions.
1. How do teachers use the professional development materials: what
do they attend to and why?
2. How do teachers’ self-efficacy beliefs and practices evolve?
3. Which practices do teachers find easiest or most difficult to adopt?
The research was composed of six related studies using different meth-
ods and units of analysis:
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Study 1 Contextual factors (Research question 1)
Study 2 How mathematics departments implemented the professional de-
velopment materials (Research question 1)
Study 3 Teachers’ observations in professional development sessions (Re-
search question 1)
Study 4 How teachers implemented the ides in the professional develop-
ment in lessons (Research question 1 & 3)
Study 5 Quantitative analysis of changes in teachers’ self-efficacy beliefs
and self-reported practices (Research question 1)
Study 6 Qualitative analysis of changes in teachers’ self-efficacy beliefs
and self-reported practices (Research question 2 & 3)
I present the results in the following three chapters. Chapter 5 presents
the results of Study 1 and 2, chapter 6 presents the results of Study 3 and
4 and Chapter 7, the results of Study 5 and 6. In Chapter 8, I interpret
these results in respect to social learning theory.
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In this chapter, I present the results of the analysis of the school’s context
and the character and culture of each of the mathematics departments. The
results presented in this chapter address the question, ‘how do teachers use
the PD materials?’ at the level of the department.
I begin with an analysis of the external context and, in particular, the
schools’ accountability contexts. This provides a summary of the schools’
examination results and inspection findings.
Following this I present an interpretive account of each department, its
character: the department culture and leadership style and an assessment
of the extent to which the PD was integrated into school-level development
plans.
I then present an analysis of how departments used the PD, by looking
at the extent to which each department implemented the PD sessions con-
sistently with the PD aims. This is an analysis of the fidelity with which
the PD was implemented.
Finally, I further reduce the data and present a summary and synthesis
of how the PD cohered at different contextual levels: the external context,
school-level and department-level. I also summarise the longitudinal fidelity
profiles for each school.
I use the term coherence to represent the extent to which the PD aligns
with contextual factors at the different levels. I also refer to coherence
characteristics, these are the contextual characteristics at the different lev-
els that relate to the coherence of the PD. For example, if the school has a
high coherence characteristic then the PD is closely aligned to the school
strategy and aims. As such I am considering the reciprocity of coherence
and context, and identifying the coherence characteristics of the depart-
ment, school and wider culture.
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5.1 Accountability context
In this section, I present the results of my analysis of coherence in relation
to the schools’ accountability context. The notion of coherence in relation
to PD I considered first in Chapter 2 (Section 2.2, p. 8) in the analysis of
research in relation to effective PD. This I developed further in Chapter 3
(Section 3.3, p. 57) where I related coherence to the effects of context and
communities and to social learning theory. I described the approach to this
aspect of the study in Chapter 4 (Section 4.3.1, p. 67).
I begin with each school’s examination results and the judgements they
received from their most recent OfSTED inspections. The results for each
school, since 2009, are summarized in Table 5.1 and illustrated in Figure
5.1.
Boxton was the highest performing school; the number of students
achieving five A* to C grade GCSEs, including English and mathematics,
was well above the national average and increasing year-on-year. Norman
Fletcher performed similarly to Boxton in the past, although results fell in
2011–12. Hilltown had improved year-on-year since 2009, with results ris-
ing above the national average in 2011–12. Barrington’s results were below
national average and had been static since 2009. It was noticeable that stu-
dents in mathematics in Hilltown and Boxton were making progress above
the national average, while at Norman Fletcher progress was below the
national average (see Table 5.1). While Barrington and Norman Fletcher’s
results were below the national average, Hilltown was marginally above that
threshold. Boxton’s results were comfortably above the national average.
Table 5.1: School examination data.
Percentage of pupils
achieving five or more
Percentage of pupils GCSEs (or equivalent),
making expected at grades A* to C,
progress in maths inc. English and maths
(2012) 2009 2010 2011 2012
Barrington 46 39 43 45 39
Boxton 77 61 69 70 77
Hilltown 61 32 53 58 61
N. Fletcher 53 60 69 68 53
England 68 50.7 55.2 58.2 58.8
Note: Data from DfE (2013).
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Figure 5.1: Examination performance of each of the four schools, 2009 to 2012.
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Table 5.2: School inspection data.
Date of last
School inspection Overall effectiveness
Barrington September 2009 Grade 2 Good
Boxton May 2012 Grade 1 Outstanding
Hilltown September 2012 Grade 3 Requires improvement
N. Fletcher December 2011 Grade 1 Outstanding
Note: Most recent overall judgement of effectiveness by Office for
Standards in Education (OfSTED) inspection teams.
The schools’ inspection data are presented in Table 5.2. Boxton and
Norman Fletcher were described as ‘outstanding’ schools. This had im-
plications for the frequency of inspections. Schools that were judged to
be ‘good’ or ‘outstanding’ would normally be inspected every five years
(OfSTED, 2013). However, if there was some cause for concern, like for
instance a sudden decrease in results, this may prompt an inspection. This
was a concern at Norman Fletcher, where results fell below the national
average in 2011–12 (see Table 5.1 and Figure 5.1).
Barrington received a ‘good’ judgement in 2009. However, results re-
mained below the national average since then. The head of department was
concerned about this and was expecting an inspection while this research
was being carried out. There was also concern that this would result in a
‘requires improvement’ grade, prompting more frequent inspections by Of-
STED. A school that receives a ‘requires improvement’ grade is monitored
by OfSTED and receives a further inspection within two years (OfSTED,
2013). Just after this research was completed the school was graded ‘inad-
equate’ and placed in special measures.
Overall Boxton was achieving good results and was highly regarded by
OfSTED. Norman Fletcher had good results but had suffered a recent set-
back, but had been well-regarded by OfSTED in its previous inspection.
Barrington was struggling to achieve results comparable with the national
average but had been judged to be a ‘good’ school by OfSTED. Finally,
Hilltown had improving results but had been judged to be requiring im-
provement by OfSTED.
I characterized each school as high coherence, moderate coherence and
low coherence (see Table 5.3). I considered the schools’ examination results
and OfSTED judgements. I used examination results and OfSTED judge-
ments as principal characteristics of school and department context, since
these drove the strategy and aims of each of the schools, as was consistent
with the observations made by Perryman et al. (2011). I summarised it
to be a ‘high’ contextual coherence when the school’s results were good
and there was a positive trend. I gave a moderate summary if the schools
results were about the national average and the OfSTED judgement in the
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most recent report was ‘good’. I gave ‘low’ to contexts that were more
demanding than this. The rationale and procedure for this was described
in the previous chapter (Section 4.3.3, p. 73).
School Contextual coherence
Boxton High
Norman Fletcher Moderate
Barrington Moderate/Low
Hilltown Low
Table 5.3: Coherence analysis based on accountability contexts.
5.2 The mathematics departments
In this section, I build on my initial analysis of coherence in the four schools,
with an analysis of initial meetings and interviews with heads of depart-
ments. I develop this analysis of coherence by considering the perspectives
of heads of departments and the culture of the departments and schools.
From my initial meetings with heads of departments I constructed a
descriptive account of each department. I also considered the potential for
collective participation and leadership in the PD. This combined with my
analysis of context provided me with initial perspective on how the PD
might cohere in each school and mathematics department. I continue to
examine these initial assumptions through the next two chapters, where I
present a micro-level analysis which looks more closely at the mathematics
teachers’ use of the materials and how their skills changed as a result of
participation.
5.2.1 Barrington Community College
I was introduced to the school by long-serving head of department, Deb-
orah. She had been at the school for almost thirty years. In our first
meeting, at the start of the project, the school’s examination results were
prominent in our discussion. She was reasonably pleased with the results
in mathematics—56% of students achieved an A* to C at GCSE—this was
just below the national average of 58%. Deborah believed that an OfSTED
inspection was imminent, because of this, she had considered withdrawing
from the project.
Barrington had a history of investigative and student-centred approaches
in mathematics. The previous head of department was an active member
of the ATM and well known in the mathematics education community;
while at Barrington she had promoted an investigative and problem-solving
culture. I was interested if this had left a legacy of this kind of teaching.
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However, following her departure and through the 1990s and 2000s, the gen-
eral approach in the department was more traditional and teacher-centred.
Deborah joined the department during the investigative teaching phase.
She had enjoyed teaching in that way and was keen to reintroduce more
student-centred problem-solving in the department. Although supportive
of teaching through investigation and problem-solving, she welcomed the
structure that was introduced as a result of the National Curriculum after
1988.
There were seven mathematics teachers in the department (see Table
5.4, p. 111); in addition there were a teaching assistant and cover supervisor
who were permanently attached to the mathematics department.
Deborah described a ‘central core’ in the department as her, Cheryl,
Lynne and Barry. The four of them, she explained, were keen to try out
different approaches and to share and develop resources. She also explained
that during the previous summer term they had done some collaborative
planning and observed each other teach.
Of the other teachers, Deborah explained that Imran was quite tra-
ditional in the way he taught and felt less confident about using a more
student-centred approach. However, she explained that he expressed a
willingness to try new things. Danny, the youngest member of the depart-
ment, was the most traditional teacher and seemed unwilling to try other
approaches. Brian was extremely experienced and was approaching the end
of his career. He was also susceptible to ill-health and would be off work
for quite long spells. Brian tended to teach the lower ability students—
his approach was generally traditional teacher-centred. The way in which
Deborah described and characterized her department was unique amongst
the heads of departments; she appeared to have good understanding of
individual motivations and personalities.
Barrington has a particularly good reputation for A level mathemat-
ics; it achieved good results and received attention from local schools that
were keen to learn from them. Deborah felt that a lot of their success
post-sixteen was as a result of their approach to teaching in years 10 and
11; where, she believed, interest and capacities for mathematics were fos-
tered. My observation of the department confirmed this had some basis.
Although, it was likely that the type of teaching she referred was an aspi-
ration of the core group of teachers.
Deborah explained the challenges of being a 14–18 school: as soon as
students started in year 10, having come from one of the feeder schools,
there had to be a focus on preparing them for examinations. In an 11–16 or
an 11–18 school, she said, you have longer to get know the students before
examinations.
The school’s motivation for participating in the project was department
led. The school leadership gave their agreement and were aware of the
project. However, it was not integrated into a school-level strategy. This
suggested a lack of coherence at school level. At department level, Deborah
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Table 5.4: Mathematics teachers, Barrington Community College.
Number of
years in Number
Age current of years Teaching
Name Roˆle range school teaching Level of mathematics qualification qualification
Deborah Head of department 51–55 24 29 Degree level with 50% or mathematics PGCE
Lynne Assistant head of 36–40 10 12 Degree level with 50% or mathematics PGCE
department
Brian Main scale teacher 56–60 5 35 Degree level with 50% or mathematics Cert. Ed.
Cheryl Main scale teacher 31–35 3 4 Degree level with 50% or mathematics PGCE
Imran Main scale teacher 36–40 4 8 Postgraduate PGCE
Danny1 Main scale teacher
Barry Main scale teacher 41–45 2 9 Degree level with 50% or mathematics PGCE
Note: Teachers who took part in the embedded video case study are in bold font.
This is a record of teachers who were working in the department at the start of the study.
1 Did not complete questionnaire.
111
Chapter 5: The schools and the departments and how they
used the PD
explained that they had been particularly interested in teaching problem
solving, but spoke in terms of her core group.
5.2.2 Boxton Academy
It was a second career for Tony, the head of department, he had previously
worked in industry and in a supervisory roˆle. He had been a teacher for ten
years and had worked a Boxton throughout that time. He was promoted
to acting head of mathematics in the previous year to replace the retiring
long-standing head of mathematics, Joyce. Joyce continued to have a roˆle
in the department, teaching further mathematics, but mainly worked with
other schools in a consultancy and advisory roˆle. She had a desk in the
mathematics office and was around to support and mentor Tony.
Tony was very enthusiastic about his roˆle, working with staff and stu-
dents. He was very keen to become involved in this research project; he
explained how he believed it would support some of the things they were
trying to do as a department and as a school. The work with the University
of Nottingham featured on an A3 summary of the school and department
improvement plan displayed on the mathematics office wall. This visible
and overt level of strategic integration was unique to Boxton.
It was notable how, during PD sessions, the team would attempt to
reach consensus, whether it be over the way they would do a particular
lesson they were trying out, or as a collective response to an issue in the
department. The previous head of department, Joyce, explained to me that
she had always attempted to promote a team spirit and make it the heart
of the department’s ethos. Information about the teachers is included in
Table 5.5 (p. 113). Amy, a young teacher in the department, had been given
responsibility for the PD project as part of her curriculum responsibility in
the department. She organised and led all the PD sessions.
Over thirty years this school has grown to be a leading school in the
area. This has not been an overnight success but a lengthy and sustained
developmental effort. I got the impression that at the heart of this success
were the things I observed in the maths department: the collegiality and
the willingness to work as a department to learn and develop. There were,
however, external factors that have helped this to happen, like for example,
the changes and restructuring of other schools in the area and continuity
has been an important factor: since the school opened in the 1950s it has
had just three headteachers.
5.2.3 Hilltown School
I included this school even though the mathematics department did not
complete the PD programme. The reason for this is that it illustrated the
pressures that a school experiences as a result of an OfSTED inspection
and the effects of accountability.
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Table 5.5: Mathematics teachers, Boxton Academy.
Number of
years in Number
Age current of years Teaching
Name Roˆle range school teaching Level of mathematics qualification qualification
Amy Assistant head of <25 2 3 Degree level with 50% or mathematics PGCE
department
Nigel Head/ assistant 26–30 5 5 Degree level with 50% or mathematics PGCE
head of year
Adrian Main scale teacher <25 1 32 Degree level with 50% or mathematics PGCE
Mary Main scale teacher <25 4 4 Degree level with 50% or mathematics PGCE
Jane Head/ assistant 31–35 4 4 Potgraduate PGCE
head of year
David Assistant head of 31–35 8 8 Degree level with 50% or mathematics PGCE
department
Tony Head of department 41–45 9 10 Degree level with 50% or mathematics Not stated
Christine Main scale teacher 31–35 12 12 Degree level with 50% or mathematics PGCE
Ted1 Main scale teacher 46–50
Phil1 Main scale teacher (NQT) 1 1
Joyce1 Previous HoD
Note: Teachers who took part in the embedded video case study are in bold font.
This is a record of teachers who were working in the department at the start of the study.
1 Did not complete questionnaire.
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At the beginning of the project I interviewed Graham, the newly ap-
pointed head of department at Hilltown. He was excited and energetic
about being involved in this project. Although in his fifties he was rela-
tively new to the profession. The development of the teaching of problem
solving was something that he was personally very interested in. He had the
support of the new headteacher who gave permission for the department’s
involvement. Graham had enlisted the help of Sally to be responsible for
the PD project. Sally organised and led the PD sessions; she was in the
second year of teaching.
Early in the project the school was inspected by OfSTED and was
judged as requiring improvement. This meant that the school would be
monitored subsequently each term. At the end of the first term of the
project Graham resigned as head of mathematics but continued part-time
as a main scale teacher. Both Graham and Sally left Hilltown altogether
at the end of the academic year.
In this school, the effect of inspection had profound effect on the culture
of the school. I observed how it created a great deal of pressure on staff
to improve examination results rapidly and also to demonstrate teaching
styles that the school’s leadership perceived OfSTED to value. In an in-
terview with a member of the mathematics teaching staff at the end of the
projected, he expressed the view that these pressures and repeated obser-
vation had been, in his opinion, the reason why Sally had resigned. He told
me that in repeated observations her teaching had been judged inadequate.
I believed the perceived pressures also contributed to Graham’s de-
parture. He was coy about the reasons, he suggested that he wanted to
concentrate on his charitable work. To my mind, the ‘requires improve-
ment’ judgement and the schools zealous efforts to improve on this was a
factor. He had, after all, been very enthusiastic about the project at the
outset.
I interviewed an assistant head teacher at the end of the project and he
explained that although the PD was valuable, it was necessary that they
focussed on improving their OfSTED grading. He explained while ideas
in the PD were important, they had to be more focussed on teaching and
learning. This I interpreted to mean implementing teaching approaches
and lesson structures that the school leadership considered OfSTED would
value.
5.2.4 Norman Fletcher School
This was a large school. Information about teachers is included in Table 5.6
(p. 116). Anne, the head of department, had been at the school for almost
twenty years. She described the challenges of running a large mathematics
department of fifteen teachers as “like steering a super-tanker”. Norman
Fletcher, as an ‘outstanding’ school, had been successful. However, I did
see some of the most challenging student behaviour of all the schools in
the lessons I observed. One teacher explained to me that because of the
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size of the school you could never get to know all the students—there were
some students that go through the school who the teacher never knew.
As a result, it was difficult to establish and maintain relationships with
students.
The school’s governing body came into dispute with one of the main
teaching unions over the school’s plans to become an academy in 2011,
becoming an academy means that the school is funded directly by the
DfE and outside of Local Authority control. There were several days of
industrial action. This was resolved, but there continued to be evidence of
mistrust between the teaching staff and the headteacher. The headteacher
was on long-term sick-leave during the academic year, 2012–2013. OfSTED,
in 2011, described the headteacher and the leadership team as exceptional.
Prior to the project I met with Anne, the head of department and
Margaret, one of the two assistant heads of department. They explained
they were interested in developing the teaching of problem solving in the
department. They had a ‘push on it’ a few years earlier and introduced
problem-solving tasks into the scheme of work, they did not feel they were
being used effectively. In addition, they explained, the school was inter-
ested in developing students’ capacity for independent learning; the PD
would be consistent with that aim. The need to develop students’ indepen-
dent learning was one of the minor criticisms raised in the OfSTED report
of 2011. Other than recognising the need to develop independent learn-
ing, there appeared to be little integration of the PD into the school-level
strategy.
Anne was less buoyant and upbeat after the summer, GCSE results
had been disappointing. The department was subject to an internal ‘qual-
ity review’. This included lesson observations by members of the school
leadership team, and scrutiny of student work and student progress data.
This put the department under pressure at the beginning of the year.
I observed a more managerial and hierarchical culture in the mathemat-
ics department than I had in the other schools. I believed Anne did not
promote a collegiate and collaborative culture and did not appear happy
to devolve decision-making. However, I felt—based on my discussions with
Anne in interview—it was not necessarily the favoured approach of the
head of department, I think she believed that this was the approach she
had to take to manage a large department.
Having presented an overview of each department, I look at how each
department used the PD materials in the next section. The results pre-
sented in this section are summarized using the approach described in the
previous chapter (Section 4.3.3, p. 73) and presented in Table 5.7 (p. 117).
In the next section I build on this analysis and consider, more closely,
how each of the mathematics department used the PD materials.
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Table 5.6: Mathematics teachers, Norman Fletcher School.
Number of
years in Number
Age current of years Teaching
Name Roˆle range school teaching Level of mathematics qualification qualification
Anne Head of department 41–45 17 22 Degree level with 50% or more mathematics Cert Ed.
Matt Assistant head 26–30 5 5 Degree level with 50% or more mathematics PGCE
of department
Raul Main scale teacher 46–50 2 1 Degree level with 50% or more mathematics GTP, PGCE
Ian Assistant Headteacher 36–40 2 14 Degree level with 50% or more mathematics PGCE
Pete Main scale teacher 41–45 1 18 Degree level with 50% or more mathematics GTP1
John Main scale teacher 51–55 6 8 Degree level with 50% or more mathematics PGCE
Margaret Assistant head 51–55 4 16 Degree level with 50% or more mathematics PGCE
of department
Jenny Main scale teacher 46–50 8 5 Degree level with 50% or more mathematics PGCE
Cath Main scale teacher 41–45 1 1 Degree level with 50% or more mathematics PGCE
Sidney Main scale teacher 51–55 26 31 A Level PGCE
Lydia Main scale teacher 41–45 7 16 Degree level with 50% or more mathematics PGCE
James Main scale teacher 26–30 5 6 Degree level with 50% or more mathematics PGCE
Bill Main scale teacher 61–65 5 21 Degree level with 50% or more mathematics PGCE
Malik Main scale teacher 26–30 2 3 Degree level with 50% or more mathematics PGCE
Note: Teachers who took part in the embedded video case study are in bold font.
This is a record of teachers who were working in the department at the start of the study.
1 Previously a design and technology teacher.
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PD integration Dept. leadership Dept.
School with school aims style culture
Boxton moderate
informal & cooperative &
participatory team-spirited
N Fletcher low
hierarchical & individual &
authoritarian cooperative
Barrington low
participatory & central group –
authoritarian collaborate/ outer
group – individual
Hilltown low crisis high turnover
Table 5.7: Summary of departmental cultures.
5.3 Fidelity of the PD sessions
In this section, I present the results of the analysis of the fidelity with
which the PD was implemented by each of the schools. Fidelity, as I use
it here, is a measure of the how closely the PD sessions were implemented
in relation to the design intentions. It is categorical ordinal scale of 0–3
with 3, meaning high fidelity and 0, no fidelity. I described the details of
this measure and the analysis in Section 4.3.2 (p. 68). The results are
presented in Table 5.8 (p. 118). The total weighted fidelity scores for each
PD session is illustrated graphically in Figure 5.2 (p. 119).
An inspection of the graphical presentation of the total weighted fidelity
scores for each session illustrates how at Boxton and Norman Fletcher
fidelity to the design intentions of the PD materials fell away over the
course of the project (see Figure 5.2, p. 119). At Barrington it remained
consistently high. I now consider these results from an analysis of my
observations of the PD sessions and interviews with the PD leader after
the PD sessions.
At Barrington, Deborah, the head of department, led the PD sessions.
She ensured there was a full hour after school for the sessions. I observed
that each of the four sessions were unhurried, all the activities were carried
out and in a way consistent with the intentions of the PD. Deborah went
to some effort to ensure that she interpreted and implemented the PD
correctly. She was conscientious in the way she followed the PD materials
throughout the project; she contacted me on two occasions through the
project to check details. It was evident from the observation of the PD
sessions that the instructions given at the beginning of the project had
been followed closely. This is reflected in the consistently high weighted
fidelity scores through the project.
At Boxton, the fidelity scores were high for the first two sessions. These
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Table 5.8: Fidelity scores for all PD sessions.
Barrington
Module Questioning and reasoning Involving pupils in peer and self-assessment
Intro session Follow-up session Intro session Follow-up session
Activity 1 2 3 4 5 Total 1 2 3 4 5 Total 1 2 3 4 5 Total 1 2 3 4 5 Total
Suggested time (mins)1 5 15 20 20 - 60 20 10 15 10 - 55 10 20 20 10 - 60 10 15 15 15 5 60
Fidelity score2 3 3 3 3 - - 2 3 2 3 - - 3 3 3 2 - - 2 3 3 3 3 -
Weighted fidelity score3 0.25 0.75 1.00 1.00 - 3.004 0.73 0.55 0.55 0.55 - 2.364 0.50 1.00 1.00 0.33 - 2.834 0.33 0.75 0.75 0.75 0.25 2.834
Boxton
Module Fostering and managing collaborative Involving pupils in peer and self-assessment
Intro session Follow-up session Intro session Follow-up session
Activity 1 2 3 4 5 Total 1 2 3 4 5 Total 1 2 3 4 5 Total 1 2 3 4 5 Total
Suggested time (mins)1 10 10 20 10 10 60 20 10 10 10 - 50 10 20 20 10 - 60 10 15 15 15 5 60
Fidelity score2 2 2 3 3 2 - 2 3 2 3 - - 2 3 1 1 - - 1 2 1 1 1 -
Weighted fidelity score3 0.33 0.33 1.00 0.50 - 2.504 1.20 0.40 0.60 0.40 - 2.604 0.33 1.00 0.33 0.17 - 1.834 0.17 0.50 0.25 0.25 0.08 1.254
Norman Fletcher
Module Questioning and reasoning Assessing the key processes
Intro session Follow-up session Intro session Follow-up session
Activity 1 2 3 4 5 Total 1 2 3 4 5 Total 1 2 3 4 5 Total 1 2 3 4 5 Total
Suggested time (mins)1 5 15 20 20 - 55 20 10 15 10 - 55 10 20 15 10 - 55 10 15 15 15 5 60
Fidelity score2 3 3 3 3 - - 3 3 0 3 - - 2 3 3 1 - - 2 0 0 0 0 -
Weighted fidelity score3 0.25 0.75 1.00 1.00 - 3.004 1.09 0.55 0.00 0.55 - 2.184 0.36 1.09 0.82 0.18 - 2.454 0.33 0.00 0.00 0.00 0.00 0.334
Notes:
1 The time suggested in the PD materials to spend on each activity (introductory activities not included).
2 Estimated fidelity score (how close the activity to aims suggested in the materials), 3–high, 2–moderate, 1–low, 0–not done (see text for more explanation).
3 Time weighted fidelity score based on suggested activity time and total suggested duration of PD session.
4 Total weighted fidelity score for each session.
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Figure 5.2: Weighted fidelity scores for each PD session, based on Table 5.8, (p. 118).
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Table 5.9: Structure and time organization of the Fostering and Managing
Collaborative Work module, introductory session
Activity Duration
1 Experience a mathematical 10 mins
discussion.
2 Reflect on your discussion. 10 mins
3 Observe a discussion lesson. 20 mins
4 Discuss implications for teaching. 10 mins
5 Plan a lesson. 10 mins
Total 60 mins
were the introductory and follow-up sessions of the Fostering and Managing
Collaborative Work module. During the second module, Involving Pupils
in Peer and Self-assessment, weighted fidelity scores fell away. In the in-
troductory session the score was 1.83 and in the follow-up session it was
1.22 (see Table 5.8). This compares to 2.50 and 2.60 in the sessions in the
previous module.
The main factor in the first two sessions at Boxton was time. The head
of department had originally wanted after-school sessions. However, the
school would not agree to this, there were a number of other planned meet-
ings and the head of the department did not want to impose on members
of the department by asking them to volunteer for more after-school meet-
ings. He therefore decided to ask Amy to do the sessions at lunchtime,
which were 45 minutes. This immediately had an impact on fidelity since
she had to make the decision to leave parts of the session out and reduce
the amount of time that could be spent on each activity.
To illustrate what she did, I describe the approach she took to reducing
the introductory session of the Fostering and Managing Collaborative Work
module. There are five session activities in this module, the suggested times
for each activity is shown in Table 5.9. Amy reduced activity 1, 2 and 4 by
5 minutes each and reduced activity 3 by 2 minutes. It was these reductions
that gave an overall fidelity score of 2.50 rather than 3. There were similar
economies made in the follow-up session. I consider this to be a high-fidelity
implementation, it was when the fidelity score was less than 1.5 that I was
concerned that the PD was not being implemented in a way consistent with
that intended.
This is what happened in the second module at Boxton. In the intro-
ductory session of the Involving Pupils in Peer and Self-assessment module
the fidelity score fell to 1.83. Time was a major factor in this. There are
five activities in the session. There was an introduction that lasted 9 min-
utes, activity 1 was reduced from 10 to 5 minutes, activity 2 from 20 to 8
minutes, activity 3 from 20 to 6 minutes and activity 4 from 10 minutes
to 3 minutes. A number of teachers were late for the lunchtime session. It
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is possible the PD can be undertaken effectively in this amount of time.
However, I believe this was the point at which there was a threat to in-
tegrity and there was a danger that the ideas and messages within the PD
started to become lost.
The situation became much worse in the follow-up session (weighted
fidelity score, 1.25, see 5.8 and Figure 5.2). Time was an issue again, mem-
bers of the department were late to the lunchtime session and the one-hour
session was done in a half hour. More importantly the discussion in the
PD was more focussed on accountability issues rather than formative as-
sessment in the teaching of problem solving. In activity 5, Amy led the
discussion, but talked about preparation for examinations and then talked
about what criteria OfSTED would use to judge the quality of teaching.
This activity was intended to be a chance for teachers to plan assessment
strategies for the future, but other preoccupations crept in. This was the
point at which I concluded that PD was no longer cohering with depart-
mental perspectives.
Norman Fletcher started the first module with a high fidelity score (see
Table 5.8, p. 118 and Figure 5.2, p. 119). The head of department had
prepared carefully and a full hour was used after school for the PD sessions.
She decided to use departmental meeting time for the purpose of the PD.
In the follow-up session the weighted fidelity score for the session is lower
than the introductory session. This is as a result of one 15-minute activity
being omitted completely. The missed activity involved watching a video
clip of teachers thinking out loud. The idea of the activity was to model
and support students in understanding how problem solving is not a ‘neat’
linear process.
The introductory session of the third PD session at Norman Fletcher
showed increased fidelity (Assessing the key processes, introductory ses-
sion), but not as high as the first session. The reason for this was that the
session had to be reduced to 50 minutes in order to allow some time for
a department meeting. It was not a dramatic fall in the level of fidelity
but it is important to point out how the PD sessions were competing for
time with other meetings and work that departments felt they had to do.
At Norman Fletcher they had used calendared department meeting time
for the PD. The head of department explained to me that this was prov-
ing to be difficult, as there were issues in relation to preparing classes for
examinations that needed to be presented to the department.
At Norman Fletcher there was a dramatic reduction in fidelity between
the introductory session of the second module and the follow-up. In the
follow-up, Matt, one of the two assistant heads of department, ran the
session. None of the materials were used and the session involved teachers
discussing their experiences of the into-the-classroom lesson. This could, in
part be explained by the fact that Matt had not been attendance at the pre-
project meeting and so may not have been familiar with the expectations
of how the PD sessions should run.
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School PD Fidelity profile
Boxton declining
N Fletcher declining
Barrington stable
Hilltown ceased participation
Table 5.10: Summary of schools’ longitudinal fidelity profiles.
In Table 5.10 I summarise the fidelity profiles for each of the schools.
5.4 Summary and synthesis of results
The results presented in this chapter are summarised in Table 5.11 (p. 123).
I summarise the external contextual coherence from Section 5.1 (p. 106);
the PD integration with school aims, department leadership style and de-
partment culture from Section 5.2 (p. 109); and the PD fidelity profile from
the previous section. The approach used and descriptors were described in
the previous chapter on methods (see Section 4.3.3, p. 73).
It was Desimone et al. (2002) who proposed the characteristic of PD
coherence. In their words:
. . . the degree to which the activity promotes coherence in
teachers’ professional development, by incorporating experiences
that are consistent with teachers’ goals, aligned with state stan-
dards and assessments, and encourage continuing professional
communication among teachers (p. 83).
My discussion of this in relation to PD effectiveness research was pre-
sented in Chapter 2 (Section 2.2, p. 8). However, I developed this from
the analysis of further professional development research (Chapter 3, Sec-
tion 3.3, p. 57). As such the conception of coherence became a complex
interwoven concept involving macro- and micro-level contextual influences
(Cooney and Krainer, 1996). Krainer (2006) developed this further and
proposed a framework of content, communities and context. Content refers
to the PD, its aims and how it will be carried out. Communities refer to
those doing the PD and the context refers to determinants and influencing
factors at school, district and national level.
This goes beyond the initial conception of coherence proposed by Des-
imone et al. (2002). Therefore, I identified some key aspects or indicators
of this complex contextual field. These are shown as the column headings
in Table 5.11. These can be further organised into a hierarchical model
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DContextual PD integration Dept. leadership Dept. PD fidelity
School coherence1 with school aims2 style2 culture2 profile3
Boxton high moderate
informal & cooperative &
declining
participatory team-spirited
N Fletcher moderate low
hierarchical & individual &
declining
authoritarian cooperative
Barrington
moderate/
low
participatory & central group –
stablelow authoritarian collaborate/ outer
group – individual
Hilltown low low crisis high turnover
ceased
participation
1 Summary of results from Section 5.1: Accountability Context (see Table 5.3, p. 109).
2 From Section 5.2: The Mathematics Departments, (see Table 5.7, p. 117).
3 Summary of results from Section 5.3: Coherence of the PD Materials: Fidelity of the PD Sessions,
(see Table 5.10, p. 122).
Table 5.11: Summary of contextual results presented in Chapter 5.
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Table 5.12: Hierarchical model of PD coherence.
Contextual Indicators
level or field description used in this research
External Curriculum, assessment,
accountability and educa-
tion policy.
Contextual coherence
where I considered ac-
countability context.
School-level The extent to which the
school integrates the PD
into the school improve-
ment and strategic plan.
The level of support in
terms of resources. The
extent to which the school
evaluates the PD.
PD integration with
school aims, .
Dept.-level For example, department
culture, leadership style
and collaborative culture.
PD leadership style &
department culture .
of coherence and contextual factors at in different fields and at different
levels. This is shown in Table 5.12.
The final analysis in relation to the results in this chapter was to sum-
marise the data in relation to external, school-level and department-level.
contextual factors. This is summarised in the following and presented in
Table 5.13 (p. 125).
Boxton
Boxton’s context was the most coherent with the aims of the PD. It was
achieving good results and OfSTED had recently judged it to be an out-
standing school. It therefore had few pressures to improve examination
results in comparison with the other schools. It had a high coherence
characteristic in relation to the external contextual field. The PD was in-
tegrated into the school aims in a moderate way. The PD was integral
part of the school and department development plan but the school did
not conduct any evaluation of its own. The fidelity with which the PD
was implemented declined through the project. In terms of school-level
contextual factors the coherence was moderate .
The head of department had an informal leadership style and partici-
pated with the department; he delegated the leadership of the PD a col-
league. The department culture was team-spirited and teachers demon-
strated a willingness to work together and collaborate. At department
level the character of the department leadership and the potential for col-
laboration and collective participation was moderate (see Table 5.13, p.
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Table 5.13: Summary of schools’ PD coherence.
External School- Dept.-
contextual level level Fidelity
School factors context context profile
Boxton high moderate moderate declining
N. Fletcher moderate low low declining
Barrington moderate/ low moderate stable
low
Hilltown low low low ceased
participation
125).
Norman Fletcher
At Norman Fletcher the decline in examination results resulted in the ex-
ternal context having moderate coherence; in spite of the fact that the
school had been judged ‘outstanding’ by OfSTED. Since the PD was not
integrated into school aims or evaluated the school-level coherence was low.
At department level, the limited level of collaboration and hierarchical lead-
ership style resulted in low coherence (see Table 5.13, p. 125).
Barrington
Examination results were below the national average, while the previous
inspection had found the school to be ‘good’. Coherence in relation to
external contextual factors was moderate/ low. At school level the PD
was not integrated into school development plans, the coherence was low.
At the level of the department there was skilled leadership but only half of
the department were collaborative, so the department-level coherence was
moderate (see Table 5.13, p. 125).
Hilltown
Although results were improving and above the national average, the ‘re-
quires improvement’ judgement meant the external contextual coherence
was low. This was a department initiative and so the school-level coher-
ence was low. At department-level the high turnover of staff meant the
coherence was low .
Table 5.13 provides and overall summary of the data in this chapter
along with a summary of the longitudinal fidelity profile. This summary
will be discussed further in Chapter 8 and compared and integrated with
the results presented in the next two chapters. In the next chapter I look
more closely at how teachers used the materials. Following this, I present
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results of how teachers’ practices and self-efficacy beliefs changed as a result
of participating in the PD.
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used by teachers
In the previous chapter, I presented the results of my investigation of how
departments used the materials, with a particular emphasis on how the PD
cohered with the schools’ contexts and cultures. In this chapter, I take a
closer a look at how teachers interacted with the PD materials and how
they used the materials in lessons.
I begin by looking at one aspect of a PD session. Through this I explore,
in-depth, how teachers engaged with the PD materials. I used observational
learning theory as the basis for this analysis. I considered the PD to offer
alternative models of practice—as suggested approaches to teaching. I
explore, through the analysis of teachers’ discussion, what aspects of the
PD they attended to. From this, and using observational learning theory, I
explain the possible motivations for the aspects of the PD that the teachers
attended to and noticed.
Although this aspect of the research draws on a single case, this case
provides a level of intensity that allows teachers’ considerations, when con-
fronted with new and alternate approaches, to become visible. Then, by
using analytic generalisation (Yin, 2009), i.e. generalising to theory, I was
able to make more general claims about teachers’ observational learning in
the context of reform-oriented professional development.
Furthermore, this component of the research is embedded into a wider
project using analysis at multiple levels. The triangulation strategy draws
on a combined levels of triangulation approach (Cohen et al., 2011, p. 196)
which I introduced at the beginning of the previous chapter.
In the second part this chapter, I present the results of an analysis of
how teachers took the ideas in the PD and implemented them in their
classrooms. This involved three case studies of teachers—one from each
school. While I considered following the teachers who participated in the
discussion that I analysed for the first part of this chapter, I wanted to
balance the investigation across the three schools. My analysis is of the
lesson they did after the first PD session—the into-the-classroom lesson
where they try out the ideas. My focus was on how they took the ideas
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suggested in the PD (the models) and used them in their lesson.
The two parts of this chapter address the research question, how do
teachers use the PD materials: what did they attend to and why?
6.1 An analysis of teachers’ attention in part
of a PD session
In this section, I present my analysis of teachers’ interaction and discussion
in a PD session, in relation to the ideas suggested in the PD.
I explained the methods and how I selected this particular group of
teachers, PD session and activity in Chapter 4 (see Section 4.3.4, p. 75).
The key aspect of this was that it was based on an intensity sampling ap-
proach. I selected a case that demonstrated vividly the processes I wanted
to analyse. I selected a discussion, in the Boxton mathematics department,
between teachers during the introductory session of the Fostering and Man-
aging Collaborative Work module. This was the first PD module. Similar
discussions were observed in other sessions and in other departments. How-
ever, this was a concise example that effectively demonstrated features of
discussion that revealed observational learning processes.
This approach complemented the analytic generalisation strategy (Yin,
2009) that I was using; I was generalising this vivid case to observational
learning theory as a component of social learning theory.
My analysis focussed on the teachers’ discussion in activity 3, where
they had observed a video exemplifying the approach suggested in the PD.
I considered the discussion the teachers had about this following the video.
This was transcribed and shown in Figure 6.1 (p. 137).
There were 10 teachers at the session, as well as a teaching assistant and
a PGCE student. The discussion was between the following teachers: Amy,
Nigel, Tony, Jane, Mary, Phil and David. Amy was leading the PD sessions
and Tony was the head of department. A summary of all the teachers at
Boxton is shown in Table 6.1 (p. 129).
A descriptive summary of Boxton’s first PD session is shown in Tables
6.2–6.4 (pp. 130–132). This analysis focuses on activity 3 which starts
nine-and-a-half minutes into the PD session. The descriptive summary I
produced, for this activity, is extracted from Table 6.3 (p. 131) and is as
follows:
Amy introduces the video and reads out the questions that are
presented in the materials. They watch the longer extract of
Eve’s lesson. There are a range of responses from members of
the department. Mary says she likes the way the teacher encour-
ages students to think about the problem individually—she says
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Table 6.1: Mathematics teachers, Boxton Academy.
Number of
years in Number
Age current of years Teaching
Name Role range school teaching Level of mathematics qualification qualification
Amy Assistant head of <25 2 3 Degree level with 50% or mathematics PGCE
department
Nigel Head/ assistant 26–30 5 5 Degree level with 50% or mathematics PGCE
head of year
Adrian Main scale teacher <25 1 32 Degree level with 50% or mathematics PGCE
Mary Main scale teacher <25 4 4 Degree level with 50% or mathematics PGCE
Jane Head/ assistant 31–35 4 4 Potgraduate PGCE
head of year
David Assistant head of 31–35 8 8 Degree level with 50% or mathematics PGCE
department
Tony Head of department 41–45 9 10 Degree level with 50% or mathematics Not stated
Christine Main scale teacher 31–35 12 12 Degree level with 50% or mathematics PGCE
Ted1 Main scale teacher 46–50
Phil1 Main scale teacher (NQT) 1 1
Joyce1 Previous HoD
Note: Teachers who took part in the embedded video case study are in bold font.
This is a record of teachers who were working in the department at the start of the study.
1 Did not complete questionnaire.
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Table 6.2: Example of PD observations, Boxton Academy, Autumn term, Fostering and Managing Collaborative Work, Introductory
session, part 1.
Suggested Time
Activity time taken Aim of activity Observation summary
Intro NA 1′ The importance of discussion: To
present the aims of the session and explain
and clarify the importance of discussion.
Amy introduces the module by presenting a list of
the session activities. She does not present or use the
PD materials to provide an overview of or give any
reference to the importance of discussion in teaching
problem-solving.
1 10′ 4′ Experience a mathematical discussion:
Teachers are expected to work on a task and
to think about their own discussion when col-
laboratively problem-solving.
Teachers work in groups on the How many teachers
in the UK? problem (see handout 1, Figure 2.4, p.
20). Towards the end of the activity, Amy distributes
all the session handouts. This activity is completed
quickly.
2 10′ 4′30′′ Reflect on your discussion: Teachers are
encouraged to analyse their discussion using
frameworks provided in the PD.
Amy prompts her colleagues to look at handout 2,
Recognising helpful and unhelpful talk (see Figure
2.4, p. 20). The whole department get involved in
the discussion and talk about the way they discussed
the problem. There is consensus that much of what
they were doing was ’cumulative’ talk, building on
each others’ ideas.
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Table 6.3: Example of PD observations, Boxton Academy, Autumn term, Fostering and Managing Collaborative Work, Introductory
session, part 2.
Suggested Time
Activity time taken Aim of the activity Observation summary
3 20′ 18′ Observe a discussion lesson: To observe
video clips of lessons the feature student dis-
cussion and collaboration when working on
problem-solving tasks. The prompt ques-
tions are:
• How does the teacher introduce the
problem?
• What different approaches are being
used by pupils?
• How does the teacher help pupils to dis-
cuss productively?
• Can you characterize the types of talk
they are using?
Amy introduces the video and reads out the ques-
tions that are presented in the materials. They watch
the longer extract of Eve’s lesson. There are a range
of responses from members of the department. Mary
says she likes the way the teacher encourages stu-
dents to think about the problem individually—she
says that when they began the discussion they had
some ideas. This appears to be an observation about
the lesson structure. Phil comments on the use of re-
sources, he says he liked the use of small whiteboards,
so they could change their ideas. Tony says he likes
the way the teacher asks the pupils, ‘why?’ and ‘why
do you think that?’ Nigel notices how Eve gave the
students very little direction. Amy observes that in
order that students have opportunity to develop their
collaborative and discussion skills, the level of math-
ematics in the tasks has to be relatively low. They
watch the last part of Eve’s lesson.
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Table 6.4: Example of PD observations, Boxton Academy, Autumn term, Fostering and Managing Collaborative Work, Introductory
session, part 3.
Suggested Time
Activity time taken Aim of the activity Observation summary
4 10′ 5′30′′ Discuss implications for teaching: This
activity is intended to provide practical sup-
port for teachers to support student discus-
sion. The principle underlying the activity
is that students need to be taught how to
discuss.
They concentrate on handout 3, Ten ground rules
for pupil-pupil discussion (see Figure 2.5, p. 21).
Amy suggests that they think about what rules they
want as-a-department. There is still collective inter-
est in finding out how many teachers there are in the
UK. As a group, they discuss the usefulness of the
ten ground rules. There is discussion about whether
agreement should be reached within student collab-
orative groups. Tony asks if there are any of the
rules that they are all agree should be used. They
then decide which rules they will use. Amy considers
group roles and assigning different roles within stu-
dent groups. Mary suggests that students come up
with rules, and this is discussed.
5 10′ 10′ Plan a lesson using one of the prob-
lems:
Amy refers to handout 1, Problems for discussion.
She suggests that everyone choose a problem to do
with a class and work in twos, threes or fours to plan
the lesson. They begin to think about the lesson de-
sign as a department, ‘shall we get them to think
about it on their own first?’ Christine is concerned
about her low-ability group accessing the task. They
discuss group sizes and their experiences, whether
they should choose the group or let students do this.
Effort is made to steer toward agreement and con-
sensus across the department.
Totals 60′ 43′
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that when they began the discussion they had some ideas. This
appears to be an observation about the lesson structure. Phil
comments on the use of resources, he says he liked the use of
small whiteboards, so they could change their ideas. Tony says
he likes the way the teacher asks the pupils, ‘why?’ and ‘why do
you think that?’ Nigel notices how Eve gave the students very
little direction. Amy observes that in order that students have
opportunity to develop their collaborative and discussion skills,
the level of mathematics in the tasks has to be relatively low.
They watch the last part of Eve’s lesson.
They had been watching the first six minutes of an 11-minute example
lesson. This features a teacher, Eve, with a year 9 class working on the
‘How Many Teachers in the UK? ’ problem. The following is a description
of the content.
Description of lesson video content
Eve is seen introducing the lesson as, “different to a normal lesson,” one
in which the aim will be to, “introduce some discussion.” She gives the
class the problem ‘How Many Teachers are there in the UK? ’ She explains
the that there is very little information in the problem and that she is not
going to give them any more information, except that there are about 60
million people in the UK.
The video then shows students working on their own for a few moments.
Eve stops the class and then asks the students to work in pairs. Two boys
discuss the problem beginning with an assumption, “there would be one
head teacher in every school,” and that there would be two or three deputy
head teachers. One of the boys then suggests there are about 30 pupils in
a class and one teacher per class.
The video cuts to another boy who conjectures that there are about
50,000, he says, “because. . . it’s just a guess. . . I don’t know how many
schools there are.”
Three girls discuss the problem, they collectively consider what propor-
tion of the population is a child. One of the girls suggests a half. Another
girl then conjectures there are between 1 and 3 million teachers, “because
there are 10 million kids at least.” The first girl goes back to her original
question, what proportion of the 60 million is a child?
Another group of three girls are engaged in a similar discussion: the
proportion of the population that are children. They discuss the validity
of the claim, that it is half; they decide this is reasonable. They use the
assumption that there are 30 children in a class and that would mean there
would be 1 million teachers. One of the girls says she thinks this estimate
is too low. She conjectures, “maybe you should times that by the number
of schools.” She then decides that 1 million seems quite a lot. Another girl
says that you have to think about all the other jobs adults do, probably
meaning that there is a limit to how many can be teachers.
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The video cuts to the boy who conjectured 50,000. Eve asks him, “what
part of your life is in school?” She suggests that they (he and the boy he is
working with) put some numbers to it, even if they are “rough numbers”.
The other boy says that they are at school for 16 years, Eve says, “out of?”
and the boy responds, “16” then corrects this to 100. Eve suggests they
try and link that to their first answer. Eve moves away and the boys try
some calculations.
Eve is shown talking to the whole class. She asks that before they work
in groups of four—to share their ideas so far—the class should come up with
some rules for productive discussion. She offers an example, “if someone
says something that is glib, ask, ‘how?’, ‘why?’ or ‘prove it!’ ” She also
explains that she wants the class to challenge each other. “If someone says
something you disagree with, ask them, ‘why?’ ”
Eve asks the class to work in groups and suggests that if they get stuck
they ask one of the other members of the groups to explain it.
In one of the groups, a boy is explaining to the two girls in the group,
what he and his partner had been doing. They estimated that there were
30 million children in the UK, he says it could be more or less. The second
boy suggests that half the adults are working teachers. The first boy says,
“Maybe, yes,” because, he explains, there are quite a few adults that are
not in teaching.
In another group a boy conjectures that there are more children than
adults. The boy next to him says, “How do you know?”
Eve asks two girls in another group about their calculations, “This ratio
here, what is this about?” They explain that it is the teacher to pupil ratio,
25 : 1. Eve says it sounds reasonable. She says that she is not convinced
that there are 30 million children and asks them to think about it a bit
more. The three girls then discuss, at some length, when it is you stop
being a child.
Amy stops the video at this point.
Analysis of teacher discussion
I now consider the transcript of the discussion between teachers following
this video (see Figure 6.1, p. 137).
Amy, who was leading the PD, made the first comment as she stopped
the video of Eve’s lesson, “it has become unhelpful now, they are just going
off on one” (line 2). She was referring to the girls’ discussion about the age
at which a child becomes an adult.
Their discussion was prompted by Eve asking the group of three girls to
examine their assumption, that half the UK population is children i.e. 30
million. In the context of the example lesson the discussion that ensues—
identifying when children become adults—is important in making a rea-
sonable estimate about how many teachers there are in the UK. Yet, Amy
evaluated this as, “unhelpful” and, “going off on one.”
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In the context of the lesson it is not ‘unhelpful’; the aim was to encour-
age discussion and develop students’ problem-solving skills by exploring
and evaluating alternative ideas, assumptions and methods. Exploring al-
ternative approaches is a part of this. Therefore, Amy’s evaluation is not
based on the context of the example lesson, she is making an evaluation
based on other criteria. This is interesting since she was familiar with the
PD and the aims of the PD because she planned and led the PD sessions.
She was comparing what she observed in the video to her own subjective
conceptual ideal of what should have been happening. She had a mental
model of student action and behaviour that she considered to lead to ef-
fective learning. Through a process of conception matching, she evaluated
what she had observed as not particularly or optimally effective. It is also
reasonable to assume that Amy felt this issue was important because she
had been moved to make a comment and evaluation.
Nigel responded to Amy’s comment, indicating concern that the teacher
had not intervened to get the students “back on track” (line 3, Figure 6.1).
Since the students were making assumptions to prepare estimates of values
which they would then use to calculate an estimate for the number of
teachers in the UK, Nigel could have meant that the processes by which
they were seeking to make assumptions were too divergent. Or, it could
have been a more general observation about the approach in the lesson.
His expectation is that the teacher should be directing them toward
more reasonable assumptions. However, he does not suggest a means by
which this should be done.
Nigel’s analysis is consistent with the process by which Amy evaluated
an aspect of what she had observed. Nigel is making a comparison with a
mental model of teaching. However, since he does not proffer a solution to
the situation, it is unlikely that his model has an image or narrative of a
solution. This would also explain why he has commented on this aspect of
the video: the absence of a mental model or heuristic that would provide
him with some means to manage the divergency of student discussion.
Amy then drew attention to the questions that were included in the PD
materials and were specific to this activity of observing and discussing an
example lesson. She made a further comment about the class going “off-
topic” (line 4). She suggested the questions could come in nicely there.
She was probably saying that the teacher could have used questioning in
order to help steer students’ discussion. With this, she is indicating the
materials might have an approach to the perceived problem of being ‘off-
on-one’, off-track or ‘off-task’. This is the first indication, in this discussion,
that the observed model is being considered by teachers in practical terms:
something they can use to guide action in their into-the-classroom lessons.
The prompt questions included in the PD materials for this activity
were:
• How does Eve introduce the problem?
• What different approaches are being used by her pupils?
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• How does she help pupils discuss productively?
• Can you characterize the types of talk being used?
Mary commented that she liked the fact that the teacher gave the class
time to think about the problem on their own before discussing it in groups
(line 5). This comment could be considered as an expression of Mary’s
general preferences: ‘I like this’ or ‘don’t like that’. However, it is probable
that Mary was looking at the video and thinking about how she might
organise her lesson in the into-the-classroom phase.
Teachers were expected try out the ideas suggested in the PD in their
classroom. Therefore, it likely that they were making evaluations based on
the knowledge that they would have to try out the approaches illustrated
in the video and described in other parts of the PD. Their assessment
is an expectancy evaluation. Furthermore, the main source of criteria, for
teachers in their expert field, is their practice-based experience—what they
have found to be effective. This lends further support to the assumption
that teachers are making evaluations based on practice-based experience of
what works.
It is not possible to be certain about this and there may be other reasons
why they evaluate the example lesson in the way they did. As I have said,
they may be based on more general preferences and proclivities. However,
even if there are other factors, assessments will be influenced, in at least
part, by a forward-oriented assessment of what they believe will be effective.
Therefore this analysis remains reasonably valid.
I assume then, an assessment is being made by teachers, whether aspects
of what they observe were something that they believe would be effective in
their teaching. This is exemplified by Mary’s comments. She was making
the judgement that this was something that she could do in a lesson. She
was making an expectancy judgement about what she had seen in the video.
She was expressing the view that this was a pedagogical model that she
could use. That she felt self-efficacious in the model she had observed.
Going back to Nigel and Amy’s evaluation at the beginning of the dis-
cussion: my analysis above means that their evaluation, of the way in
which students were permitted to discuss a variety of ideas and approaches
to solving the problem, reflected that they saw this—particularly Nigel—as
something they would not feel comfortable doing in their classroom.
Returning to the discussion (see transcript in Figure 6.1, p. 137). Amy
added to Mary’s comment by suggesting that it would give them, “a point
going into the discussion” (line 6). Amy was concerned with finding a
solution to what she perceived to be unhelpful and divergent discussion.
She was conjecturing that the period of individual working might give the
group discussion more focus.
Phil said that he liked the use of the small whiteboards (line 7). This
is not a response to one of the activity questions, but another expectancy
judgement about a pedagogic move he might use successfully in one of his
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10′30′′1 Amy presents the questions2.
11′20′′ Amy plays the activity 3 video and then has difficulty finding the
video clip she wanted
14′20′′ Amy plays the video clip of Eve’s lesson “How many teachers in the
UK?”
1 18′16′′ Amy We will just play it through and I will put the questions back up.
2 20′ Amy [speaking over the video] It has become unhelpful now, they are
just going off on one [referring to the students’ discussion in the
video].
3 Nigel She is leaving it isn’t she? [referring to the teacher], she has to
put them back on track [there are some inaudible comments and
laughter from other members of the department]. It’s like [name of
student]. . .
4 20′26′′ Amy I’ll just pop the questions up before they share their thoughts with
the class, because they went quite a bit off-topic there, so the ques-
tions would come in nicely there. If we have a minute of talking
about where the questions fit into the video. . .
5 Mary I liked that the teacher got them to think about it by themselves
before they began the discussion. . .
6 Amy . . . so they have got a point to go into the conversation with . . .
7 Phil They have got the little whiteboards so they can quickly cross any-
thing out.
8 Jane It went individual, to pair, to group . . .
9 Tony I like the bit where she asks ‘why?’ [inaudible] prove it instead of
just coming out with . . .
10 David . . . a guess?
11 Tony Yeah.
12 Nigel She didn’t direct them, she gave them very little direction.
13 Amy She wanted them to elaborate a bit more.
14 21′30′′ Nigel [looking at one of the questions] What were the different approaches
used?
15 Amy Probably just guessed.
16 Teacher3 . . . guess, yes
17 David That was amazing.
18 Mary I’m not sure that he did, he just didn’t have the confidence to
explain it. At first he sounded quite confident and then he said he
just guessed.
19 Nigel The two lads were going off on the wrong way weren’t they?
There is some discussion about some students’ assumptions.
20 Amy . . . and they went right off task.
Further discussion about the task, assumptions and possible solu-
tions.
21 22′45′′ Nigel There is no maths in there though.
22 Amy No, it’s being able to have a try at it.
23 Mary It is coming up with something sensibly that’s the thing isn’t it? If
you gave that to our year 11, it would [inaudible]. . .
24 Amy You could start them off with this sort of thing because it easier
maths and then once they have got good at discussion. . .
25 Mary But it is making sure that they have done the bits beforehand,
before they start
23′20′′ There is then some discussion about the types of talk.
24′20′′ Amy then plays the last bit of the lesson video.
Notes:
1 Timestamp on video recording.
2 These refer to the prompt questions in activity 3, see Table 4.3 (p. 71).
3 Teacher’s voice not identified.
Figure 6.1: Boxton PD session transcript.
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lessons. This is a similar judgement to the one made by Mary in line 5.
Phil has observed a pedagogical component that he has judged to have
functional value, since it is something that he believed he could use in his
teaching.
Jane contributed to Mary’s observation about students being given indi-
vidual thinking time. Additionally, she commented on the lesson structure:
“It went individual, pair, share. . . ” (line 8). This is the underlying lesson
structure included in all the suggested lesson plans and illustrated in the
example lessons in the PD. Jane’s observation was indicative of a change
in character in the discussion. Amy and Nigel were initially evaluative,
at a surface level, about what they had observed, Jane was articulating
an analysis of the way the lesson was structured. The discussion became
analytic at about this point. Moreover, the observation that Jane made
also indicated that she was making a functional evaluation: that she could
use this kind of structure.
Tony then highlighted a pedagogical move, the way the teacher, Eve,
asked “why?” (line 9). He also offered some analysis of this: “. . . prove it,
instead of just coming out with . . . ” Although his comment was cut short,
Tony observed that instead of steering the discussion, Eve asked students
to justify their approach. As with the analysis of the discussion so far, this
comment was also an expectancy evaluation. The most likely motivation
for this comment was to articulate something, about what was observed,
that Tony believed he could use effectively in a lesson. This pedagogical
element represented a technique that Tony could implement in a problem
solving lesson as a way to steer open-ended discussion.
It was David who cut short Tony’s previous comment with a suggestion
that the teacher’s “why?” question was to encourage something other than
a guess (line 10, Figure 6.1). He was saying that the move was to promote
a bit more thinking in addition to justification.
Nigel then returned to his initial preoccupation which related to the
lack of direction offered by the teacher (see line 3). In line 12, he made
a further comment: “She didn’t direct them. . . ” With this, it is revealed
that this still remained an issue for Nigel. Although the other teachers had
commented on and started to analyse other aspects of the lesson, Nigel was
still considering the teacher’s reluctance to give more direction.
Following Nigel’s restatement about the lack of direction, Amy re-
sponded to the point raised by Tony in line 9 about the use of the ques-
tion, “why?” She suggested that the question was probably to get them
to, “elaborate a bit more” (line 13). She therefore expressed a recognition
that this kind of question was to promote student thinking and reasoning.
Nigel then focussed on the prompt questions: “What were the different
approaches used [by the pupils]?” (line 14). Amy responded that it was
“probably just a guess” (line 15). Another unidentified teacher agreed
(line 16). They expressed some scepticism that there was any kind of
reasoning behind the student approaches. Amy expressed scepticism about
the quality and productivity of the student reasoning she observed in line 2,
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when she said the talk had become “unhelpful”. It is likely that Amy saw
the difficulties in teaching using the suggested approach was in initiating,
maintaining and sustaining productive reasoning.
Mary disagreed with Amy (line 18). She said that the reason she
thought one of the students appeared to be simply guessing was that he did
not have the confidence to express his thinking. This is an insightful obser-
vation as she was acknowledging that students’ utterances do not always
represent the sophisticated reasoning that takes place unarticulated.
Nigel responded once again about the direction that the students were
going in, that discussion was unproductive in terms of seeking a solution:
“The two lads were going off on the wrong way weren’t they?” (line 19).
Amy supported this in line 20.
Amy used a term I frequently heard during the project, whether it
was in interviews with teachers or observed in discussions in PD sessions:
that term was off-task. It was used, as it is here, to mean that students
were engaged in activity that was not concerned with finding a solution
or getting to an answer to a problem. Such is the ubiquity of this term
in English secondary classrooms, I heard one boy, in a year eight class at
Norman Fletcher, complaining to the teacher that one of his classmates was
off-task. The term intertwines valued mathematical activity and classroom
behaviour. I discuss this further in Chapter 8.
Nigel raised a concern that there was “no maths in there” (line 21).
This probably meant that he thought the discussion between students did
not feature the development of mathematical fluency i.e. learning how to
apply methods already taught.
Amy’s next comment in line 24, demonstrates a deeper understanding
of the PD aims. She recognised that the lesson was intended to introduce
new practices into the lesson: student discussion around a more open-ended
problem. This sort of problem she suggested could be used to “. . . start
them off with this sort of thing” (line 24). Then they could progress with
more challenging mathematics, “once they had got good at discussion . . . ”
(line 24). This lesson is a way into a new pedagogical approach and new
classroom practices.
In the final line (25) Mary suggested that they would have had to do
some of the “bits beforehand, before they start”. In this she is suggesting
that if the mathematical methods required are too difficult, it would be
important that before the lesson they were taught some of the techniques
required in order that the find it easier to get to a solution. However,
the aim here is to give students the chance to work on problems that are
unfamiliar and that may be solved in alternative ways but lead to equally
valuable solutions. The teaching of ‘methods’ in advance or what Mary
calls, “bits” reduces the problem solving element of the activity and makes
it easier to find a solution.
Mary shows here that she is concerned about students not being able
to make progress toward a solution. It reveals a functional assessment
about the extent to which she believes she will be successful teaching in
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the way demonstrated in the lesson. This indicates that she thinks that
some adaptation might be needed. It would be more manageable if students
had a route through to a solution.
Looking at the discussion overall. There were six issues that were given
attention. Four were related to the lesson and pedagogical approaches:
1. Allowing students time to discuss an open-ended problem
2. The lesson structure.
3. The use of the resources—e.g. the use of small whiteboards.
4. The use of questioning to elicit and promote reasoning.
A further issue that prompted comment was related to an aspect of
student behaviour in the lesson. This was the phenomena of students
guessing and doubt whether there was any underlying rationale or reason.
A final observation was a general comment about the approach illustrated
in the lesson, that there was a lack of mathematics in the example lesson.
In Chapter 8, I develop this analysis further and consider in more de-
tail the processes of noticing and attention from a social learning theory
perspective.
This discussion, although it is a small extract and selected as an in-
tensity case, it is indicative of the processes that were taking place in the
PD sessions in the other case study schools. What motivated much of the
comment and judgement by teachers was with the expectancy of trying
out the approach and making comparisons with the effective practice and
pedagogy that they developed and used already. Assessments were being
made about pedagogical elements, features and moves as well as the overall
structure and pattern in the lesson.
In the next section, I look at how teachers took the models from the
PD and implemented them in lessons.
6.2 How teachers used the PD materials:
case studies
In this section, I describe how individual teachers used the PD materials.
In particular, I consider how they take the ideas and approaches suggested
in a PD session and implement them. My analysis was concerned with
the nature and extent of the adaptations that teachers made to the mod-
els presented in the PD and their explanations for this. I described the
case selection strategy, data collection and analysis approach in Chapter 4
(Section 4.3.5, p. 77).
The three teachers selected for the case studies were: Imran (Barring-
ton), David (Boxton) and Cath (Norman Fletcher). In the following I
provide a brief description of each teacher followed by an analysis of how
they used the materials.
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6.2.1 Imran
Background
Imran had been teaching for eight years and had been at Barrington four
years (information about teachers was included in Chapter 5, see Table
5.4, p. 111). You will recall Deborah, the head of department, described
the department as having a core group of four teachers who were worked
collaboratively (Section 5.2.1, p. 109). Imran was outside of this core
group, but Deborah described him as conscientious and hard-working.
Imran’s strong work ethic was apparent: this was the impression I had,
having observed and interviewed him on five occasions during the data
collection, and from observing him in the four PD sessions working with
the rest of the department.
Deborah explained that he found the behaviour of low-attaining groups
challenging. However, she also explained, students that he taught in the
higher ability groups tended to get good results.
In interview at the beginning of the project, Imran explained how he
taught in a traditional teacher-centred way. He illustrated his usual ap-
proach in the following way:
Most of the time we are doing [something like] SOH-CAH-TOA
[mnemonic for trigonometry ratios] and I give them the formula
and they just use it and apply it straight away.
Imran was quite anxious when I observed him teach on all five occasions
although through the project he did become slightly more relaxed. I felt
overall he found it difficult to relax with the students. He attempted to
retain a degree of traditional formality and distance, for example, he would
refer to members of his class as Mr. . . or Miss. . . in whole-class discussions.
He did not have an informal rapport with his students.
It was the lack of accord between Imran and his student that was ap-
parent. With this high-attaining group it was a palpable distance, but re-
spectful. However, I imagined how that distance might have become more
problematic with more challenging groups. Although, I observed Imran
with only his year 11 set 1. Here I factor in the head of department’s com-
ment about Imran’s difficulty with the behaviour of low-attaining groups
that she made in my first meeting with her at the beginning of the project.
It is guardedly—out of awareness that what I write may be interpreted
as a pejorative judgement—that Imran was not confident in his teaching
or, in the theoretical language I use in this thesis, he had low teaching
self-efficacy. I cannot be sure of the reason for this; whether the lack of
rapport was a cause, effect or a related condition.
The PD session
Prior to the lesson that I analyse for this part of the research, Imran and
his colleagues participated in a one-hour introductory PD session from the
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Questioning and Reasoning PD module. This had been led by Deborah,
the head of department. The module handbook describes the aims of the
module as to encourage teachers to think about the following issues:
• characteristics of questioning that encourages pupils to lis-
ten, think and reason;
• ways in which you might encourage pupils to provide ex-
tended, thoughtful answers, without being afraid of mak-
ing mistakes;
• the value of modelling reasoning by ‘thinking aloud’ with
your class (Bowland PD materials, Questioning and Rea-
soning, module handbook, p. 1).
I presented an analysis of another of the PD modules in Chapter 2, Fos-
tering and Managing Collaborative Work. In that analysis, I described a
two-level pedagogy within the PD. Each module has a pedagogic level, for
example teacher questioning, group-work or formative assessment. There
is also a practice-level component across all seven modules which focus on
the teaching of problem solving (see Section 2.3, p. 14). In this module the
pedagogic-level component is teacher questioning to promote the articula-
tion of student reasoning. The problem solving tasks and lesson structure
are organised around a student-centred lesson in which students have the
chance to discuss and explore solutions and methods collaboratively. Sim-
ilar lesson structures are evident in all the suggested lessons in all the PD
modules.
In the introductory session of the Questioning and Reasoning module
there are four ‘activities’. Activity 1 involves teachers thinking about the
types of questions they use in lessons, activity 2 involves teachers thinking
about and discussing what types of questions promote thinking and reason-
ing. In activity 3, they watch an example lesson. This features examples of
questioning to support reasoning and the lesson structure featured in the
PD materials. In the final activity, activity 4, teachers plan their lesson
for the into-the-classroom phase where they try a lesson out based on the
ideas in the PD.
At Barrington, Deborah followed the PD guidance closely. In the first
activity, which lasted 8 minutes, there was discussion by all teachers about
types of questions that are used by teachers. In activity 2, there was recog-
nition by all the teachers that contributed, that their questioning was closed
and did not give students enough thinking time. They spent 15 minutes
on this discussion before moving on to observe Gwen’s lesson in activity
3 which illustrated a problem solving lesson and highlighted the use of
questioning to promote reasoning. In the final activity, members of the
department split into three groups to plan their into-the-classroom lesson.
I noted that in this discussion the lesson they observed in the PD acted as
‘blueprint’ for their own planning.
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Planning and organising: Aircraft turn-round time
Between landing and taking off, the following jobs need to be done on an
aircraft.
What is the shortest time needed to do all these jobs?
Would it make any difference to this time if the people could get off more
quickly (from the front and rear of the plane)?
Figure 6.2: Aircraft Turn-round Time problem.
Into-the-classroom lesson
The suggested plan, provided in the PD materials (see Questioning and
Reasoning module, into-the-classroom phase), is as follows:
1. Introduce the problem, and give time for individuals to think
(5 minutes);
2. Collect initial ideas at the board (5 minutes);
3. Students work on the problem (20 minutes);
4. Whole class discusses the approaches being used (10 minutes);
5. Pupils have a second go at the problem (10 minutes);
6. Whole class reports on their reasoning (10 minutes).
Imran adapted this, the PD materials suggested the use of one task in
a one-hour lesson—Imran chose to use two tasks. The Aircraft Turn-round
Time problem (see Figure 6.2) was used in the first half of the lesson and
another problem (Sharing Petrol Costs) was used in the second half the
lesson. I have included the first problem only as I used this in the analysis
presented here. Imran used two cycles of a shortened version of the above
lesson structure—one for each problem. I illustrate the lesson structure in
Figure 6.3 (p. 144).
Imran explained in the interview after the lesson that he thought the
problems were too easy and did not feature “enough maths”, he had opted
to include two problems. This was a correct assessment since the materials
had been designed for Key Stage 3. I explained in the methods chapter
how I had initially asked schools to work with Key Stage 3 classes. In the
planning activity in the Questioning and Reasoning Introductory session,
Imran explained to other members of the department that he planned to
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Figure 6.3: Lesson structure for Imran’s lesson from the into-the-classroom phase of the Questioning and Reasoning PD module.
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use the activities suggested in the PD in his into-the-classroom lesson.
Therefore, using what he considered to be ‘easy’ problems was something
he had planned to do well in advance of the lesson I observed.
The reason for this was not because he did not know his students or
that he did not know that the problems were not going to be challenging
enough. The way in which he planned the lesson and allowed time for
students to arrive at answers in both parts of the lessons, demonstrated
that he had awareness of the ability of his students. It was more likely that
he did not feel confident in giving students longer periods of time to work
on challenging problems and develop problem-solving skills. This is not a
criticism of Imran’s teaching, it is simply an observation.
In the lesson, he used the pedagogic structures and patterns suggested
in the PD materials but shortened these in order to make the two problems
more demanding by having a time limit on the activity. For the first prob-
lem, Aircraft Turn-round Time (see Figure 6.2), most of the class initially
added all the times sequentially and soon realised that some tasks could be
completed at the same time and where able to arrive at a plausible solution
in a short time. The Aircraft Turn-round Time problem therefore became
a more routine problem, the way in which students completed the Sharing
Petrol Costs problem in the second half of the lesson was similar.
Students did not have a substantial period of time during the lesson to
work on a demanding problem, where there was no single method or where
the method was not obvious (see Schoenfeld, 1992). For these students
the methods were more obvious because of their maturity, attainment and
confidence. The lesson did not feature opportunity for students to make
decisions about strategies and methods or evaluate solutions derived from
different methods. I therefore characterized the lesson as teacher-centred,
but without an initial demonstration of methods by the teacher. Imran
had adapted the suggested student-centred problem-solving lesson into a
more traditional form.
This interpretation was further supported when I considered, in more
detail, the first half the lesson. Imran spent the first 2 minutes explaining
that in the lesson he would be more interested in the students’ ideas and
strategies rather than their answers (episode 1, Figure 6.3). In the second
episode, he distributed the Aircraft Turn-round Time problem (see Figure
6.2) and explained it was about saving the airline money. He asked the class
to think about the problem individually for 3 minutes. Rather than looking
at the problem, students began work on it in pairs (episode 3 ). After a
few minutes Imran stopped the class. He told the class that although they
were working well on the problem, they needed to think about how they
would write it down. He asked them to think about writing their solutions
down for 2 or 3 minutes (episode 4 ). However, the class resumed working
on the problem in episode 5 for 3 minutes much as before.
He explained how the lesson was about strategies. This could be con-
sidered an intention to develop students’ problem solving skills. However,
in practice, the level of demand of this problem for students at this level
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and the amount of time students had to actually work on them, resulted in
‘strategies’ meaning something different. The ‘strategies’ that were valued
in this lesson were the quality of written communication. This was evi-
dent in episode 4, when Imran stopped the class and asked them to think
about how they wrote down their methods and explanations of methods
and emphasised the importance of doing this.
The PD module preceding the lesson focussed on developing teacher
questioning to promote student reasoning. I consider here, the nature of
the dialogue and interaction between teacher and students. I draw on an
example from episode 8 (see Figure 6.3). Previously to this episode, Imran
stopped the class in episode 6 and asked students to explain how they were
doing the problem. Students presented some of their ideas. Imran then
asked the students about the effect of allowing passengers to disembark
from the front and the rear of the plane. Students were given 2 minutes to
work on this in episode 7, they talked about this in pairs or small groups.
Imran stopped the class to review the question. He questioned the class
about this issue (episode 8 ), asking them to explain their reasoning. The
following is an extract from episode 8 :
Imran: OK, Alright [drawing the class’ attention]. Let us come
back to that last question again. Would it make any difference
if we had people coming out of the plane from the front and the
rear? Chloe, you were immediately saying it wouldn’t, why is
that?
Chloe: Because it would still take 60 minutes to do the cargo,
so it wouldn’t make any difference.
Imran: Can someone explain that a bit more please? [There is
no response from the class] Who agrees with that, who agrees
with Chloe? OK, Lea, please go on.
Lea: Because, it doesn’t matter how long that takes if some of
the other jobs takes longer, then it is still going to take that
much time.
Imran: OK, that’s fine, can anyone else add more to that, with
regards. . . I want numbers, if I may use that word? Richard,
can you explain that?
Richard: Not really
Imran: Who can explain that for us?
Considering the questions: ‘can someone explain that a bit more please?’
and ‘can anyone explain that?’ These questions are very similar to ques-
tions used by Gwen in the video example shown in the introductory session
of the PD. It appears that these questions are open-ended and as suggested
in the PD are aimed at promoting student reasoning. However, on closer
scrutiny of the context of the questions, they are not as open-ended as they
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first appear. The questioning begins with, ‘would it make any difference if
we had people coming out of the plane from the front and the rear?’ This is
a closed question in that it prompts the response ‘yes’ or ‘no’. A response
is offered and Imran asked, ‘why?’ Chloe responds with an explanation
that it will still take 60 minutes.
There are similarities between the ways Imran uses the question to
the initiation-response-feedback (IRF) routine (Sinclair and Coulthard,
1975). Would it make any difference if we had people coming out of the
plane from the front and the rear?—initiation; there is then an unheard
or implied no—response, then feedback: Can someone explain that a bit
more please? This is more open-ended than an IRF routine with a feed-
back response of ‘yes’ or ‘no’; Imran offers a more open-ended response
which he appears to have acquired from the PD. Imran presses for a re-
sponse to the open-ended question, ‘can someone explain that a bit more
please?’ ‘Who agrees with that who agrees with Chloe?’ This prompts a
response from Lea, who explains why it does not make any difference.
Instead of leading with an open-ended question, Imran began with an
IRF sequence. This seems to have the effect of closing down the opportunity
for students to articulate their reasoning, however Imran does attempt to
recover the situation by introducing more open-ended questioning at the
feedback stage. By this time though, he appears to have limited the range
of responses and the extent to which students can respond, hence the lack
of response to his questioning.
In the interview Imran explained that he used the lesson plan in the
materials. He had watched the example lesson in the PD session and had
used the guidance about the learning tasks. In terms of his overall mo-
tivation for teaching using a more student-centred approach to support
the development of students’ problem solving skills, he explained how he
found it really challenging to do. He described how he was used to ‘spoon-
feeding’, in other words teaching students methods by breaking them down
into component parts. He attributed his approach and reluctance in using
a student-centred approach as a consequence of his teaching self-efficacy.
It’s probably the case of not being confident enough to do this.
I used to teach in London and most of the kids in my school
were quite weak and from deprived homes, they just do not
get it and you had to give them [a traditional and structured
approach].
In sum, Imran adapted the suggested approach so that it was more
like a traditional teacher-centred lesson, this was evident in the way he
had used tasks, the lesson structure and in the type of classroom dialogue.
The reasons for the adaptations are accounted for in Imran’s self-efficacy
in teaching using the suggested approach. He explained how he did not
feel confident in his ability to use the suggested student-centred approach.
I now contrast the way Imran had implemented the suggested approach
with David.
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6.2.2 David
Background
David had been teaching for 8 years and had been at Boxton all that time,
he was assistant head of mathematics. He was confident in mathematics—
he had a degree in mathematics (or a mathematically related subject with
50% or more mathematics). My impression was that he was a confident
classroom practitioner. He had good relationships with the students. I
observed how he engaged in friendly but professional conversation with
students in and out of lessons.
I got the sense that he was a confident in his teaching and this was
supported by the school and the mathematics department’s success.
Yet David articulated a perceived limit to the extent to which teach-
ing could be changed. He said that problem solving was important, but
it would require a change in the culture of teaching. He talked of a min-
imum expectation that students would be prepared for exams. This was
an allusion to a teacher-centred status quo. However, I believed he had
the confidence and skill, as a practitioner, to teach using student-centred
approaches.
He explained that he included some problem solving as part of the
introduction of new topics and as interludes in teacher-centred lessons.
His misgivings were related to increased implementation of student-centred
teaching more generally.
The PD session
David’s lesson was preceded by the introductory session of the Fostering
and Managing Collaborative Work module, the content of this session was
described in detail in the analysis of the PD materials in Chapter 2. A
further analysis of how the PD session was implemented was carried out in
the previous section; there is a descriptive of summary of what happened
in that session. (see Tables 6.2–6.4, pp. 130–132).
I briefly summarise some of the key features of that session here. It was
led by Amy during a lunch break; there were five activities in the session.
In activity 1 all the department considered the ‘How many teachers in the
UK? ’ problem, with the aim of experiencing a mathematical discussion.
They spent 4 minutes on this before moving on to activity 2 where they
reflected on their discussion, this lasted four-and-a-half minutes. They
briefly analysed their talk, whether it was cumulative, disputational or
exploratory talk (the handout that accompanied this activity is included in
the analysis of the PD materials, see Figure 2.4, p. 20).
In activity 3, the teachers watched Eve’s lesson. In my analysis in the
previous section, I gave a detailed account of the discussion teachers had
after watching the lesson. There I concluded that teachers’ attention was on
aspects of what they observed, with thoughts to implementing the approach
in the into-the-classroom lesson. Activity 4, saw the department involved
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in planning how to implement some ground rules for productive group
discussion. They tried to agree on rules that they could all use. Finally, in
activity 5, they discussed how they would do the into-the-classroom lesson.
They attempted to reach a consensus about how they structured the lesson
and which problem they would use.
Into-the-classroom lesson
The lesson was based on the problem, ‘How many teachers are there in the
UK? ’ The aim of the lesson was to estimate the number of teachers given
the population of the UK is approximately 60 million. David worked with
the same year 9 set 1 group for the five observed lessons.
There had been some further discussion about group-work after the PD
session. David and other colleagues had become interested in using speci-
fied group roˆles in the into-the-classroom lesson. The roˆles were as follows:
spokesperson (gatekeeper), time-keeper, scribe and rule-keeper. Each stu-
dent, in a group of four, was assigned a specific function with someone to
articulate the group’s progress and achievements to the teacher and the
rest of the class (gatekeeper). The time-keeper was expected to ensure
that progress was being made and to set time-based targets. The scribe’s
function was to document what the group had done and the rule-keeper’s
function, unsurprisingly, was to ensure that everyone was doing as they
were supposed to.
David and other colleagues had prepared a presentation about the dif-
ferent roˆles and also prepared materials to help randomly assign group
members to roˆles. In addition to this preparation, David had also spent
some of the previous lesson allowing his class to establish ground rules for
discussion. ‘Ground rules’ was a focus of the PD session. The PD materials
include a handout with some suggested ground rules for discussion and a
suggestion that teachers may prefer to use the rules, or get classes to estab-
lish their own to provide a sense of ownership. I am not going to reproduce
that handout here but refer back to it, as it was included earlier in this
thesis when I presented an analysis of the PD materials (see handout 3,
Figure 2.5, p. 21).
Time was spent at the beginning of the lesson organising the class into
groups—David had also included a sophisticated method by which stu-
dents of different attainment level were included in each group. Almost 10
minutes of the 50-minute lesson was spent organising groups, seating and
allocating group roˆles.
A lesson structure diagram for David’s lesson is shown in Figure 6.4 (p.
151). David organised the class into groups in episode 1. He then gave the
class time to think about the problem individually in episode 3. During
the working individually episode many students were keen to get on with
the problem and were discussing their ideas in whispered voices. David
stopped the class and explained how each group member would be given
a different roˆle. David explained these roles in episode 4. Students then
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worked in groups in episode 5. It was explained that each group would
present to the whole class at the end of the lesson.
David stopped the class and explained how presentations were to be
done and then each group presented their work in episode 7. After the pre-
sentations, there was a whole-class discussion (episode 8 ). David gave the
class a further 5 minutes to develop their initial answers. David concluded
by reviewing the lesson and suggesting an answer to the problem.
Overall, David used the lesson structure suggested in the PD materials,
in the video of example of lessons, and the printed materials. He used the
example task for the lesson and the ideas about promoting and organising
student discussion: he asked the class to develop some ground rules for
discussion in a previous lesson. He also brought in some other ideas which
included group roˆles and grouping in order to ensure a spread of ability.
This lesson was consistent with the ideas proposed in the PD. It used the
same structure as that suggested in the PD. It featured time for students to
think individually, to work in groups and to present their work to the rest
of the class. David appeared to be at ease allowing students time to think
about alternative approaches. The class was motivated and persevered
with the task.
The lessons at Boxton were quite short at 50 minutes, students had just
5 minutes to work on the problem on their own and 11 minutes to work on
the problem in groups of four. This gives some indication about the extent
to which time had been committed to organising students into groups. The
10 minutes David spent on this was just slightly less than the time spent
on working in groups on the problem. However, the student presentations
revealed that students had thought carefully about the assumptions, esti-
mates and reasoning. After the presentations, there was also a brief episode
of 3 minutes where students had the chance to develop their answers.
The feature of the lesson, which was different from the ideas suggested in
the PD, was the extent to which David managed the groups. This involved
planning ahead and using ideas suggested by colleagues about the use of
group roˆles in the lesson. David had also made efforts to create groups
with a variety of abilities. In all this made the time spent on organisation
quite prominent in the 50-minute lesson.
Although David, in comparison with Imran, was more efficacious in the
suggested approach and implemented the ideas consistently with aims of the
PD, the investment in developing effective groups is important to consider
further. On one hand, the mathematics department, on the whole, had been
interested in group-work. It was likely this was the focus of the head of
department over and above the aims of developing the teaching of problem
solving. David’s preoccupation could have reflected this. Alternatively, the
interest in effective group-work was an attempt to reduce the risk in this
kind of lesson. As David pointed out after the fourth lesson, “. . . when
you take one of these lessons there is an element of risk-taking, because
you don’t really know where the lesson is going to go and how long things
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Figure 6.4: Lesson structure for David’s lesson showing the organization of lesson episodes (minutes:seconds).
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take. . . ” Organising groups, as he did, was probably a way of managing
the risk and promoting the productivity of the groups.
The second explanation, at least in part, cannot be ruled out. Therefore,
David was self-efficacious in the suggested approach but there were limits
to this and a point at which he needed to think about an approach to
implementation that would make the approach work more easily with his
class.
Additionally, David expressed concerns about a wider implementation
of student-centred problem solving. This, he explained, required a big
change in the “culture of teaching”. He said the ‘culture of teaching’ in-
volved the teaching of content. He said the most important aspect of
teaching—what he described as a “minimum requirement”—is the teaching
of mathematical content, “the kids need to know how to answer questions
in exams”. Secondary to this is what he described as the “thinking behind
this”. He expressed the view that if there was less emphasis on content,
to give more time for thinking, then some of the content will get missed.
He said however, that he does not just do ‘chalk “n” talk’, he encourages
students to think for themselves.
Overall David was sufficiently self-efficacious to implement the sug-
gested approach the into-the-classroom lesson in a way consistent to in-
tentions of PD. However, there were limits to David’s self-efficacy where
there was an expectation of wider integration in practice.
The final case study contrasts with both Imran and David. Cath was
new to teaching, I will describe how she used the materials in the next
section.
6.2.3 Cath
Background
Cath was a newly qualified teacher (NQT) and therefore in the first year
of her teaching career. She was a mature entrant to the profession. One of
the schools she trained at had been involved with the filming of the final
two Bowland PD modules. She explained her belief in the approach: she
wanted to teach students to inquire and think for themselves rather than
be relatively passive recipients of a series of methods. Her interest was
linked to her exposure to the ideas as a trainee. She explained how she had
observed her mentor teach using the Bowland materials. Cath was familiar
with the ideas in the PD and was very positive about the approach.
The concern Cath expressed was with managing student behaviour.
She accepted that as a new teacher—and new to the school—it would take
time to get established. However, it was still a source of anxiety for her. It
was therefore a challenge for Cath being observed and having her lessons
recorded at the same time as she was establishing herself.
She also characterized her experience of her first year in teaching as
learning how to do so many different things in the classroom. This was
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important, and may seem obvious, but in contrast to Imran and David she
was new to the profession and therefore did not have an array of developed
pedagogical moves to implement. It was these which I understood her to
mean that she was learning
My impression was that Norman Fletcher, of the four schools I observed
lessons in, as part of this research, exhibited the most challenging student
behaviour. One teacher explained to me that because of the size of the
school, it is difficult to establish relationships with students—relationships
that create a more positive culture. Norman Fletcher had around 2000
students, the teacher said to me that you just can’t get to know all the
students.
The PD session
The mathematics department at Norman Fletcher had completed the Ques-
tioning and Reasoning module. This was the same module that Imran
participated in at Barrington. The session involves four ‘activities’. It
begins with a discussion between teachers about why questions are asked
in lessons (activity 1 ). This was followed by a consideration of what is
effective and ineffective questioning. Effective questioning, as portrayed in
the PD promotes student to articulate their reasoning in the context of
problem solving and beyond. The teachers spend 10 minutes discussing
this in activity 2, using the handouts provided in the PD materials to doc-
ument their ideas. In activity 3, the teachers observe a lesson. They watch
Gwen’s lesson based on the Sharing Petrol Costs problem. Finally, they
plan a lesson for the into-the-classroom phase. The head of the depart-
ment, Anne, asked members of the department to plan in pairs and use the
same problem, Sharing Petrol Costs.
Into-the-classroom lesson
In the lesson (see Figure 6.5, p. 154), with year 8 set 1, Cath followed the
suggested lesson plan closely and used the ideas from the video of Gwen’s
lesson shown in the PD session. She used the Sharing Petrol Costs problem.
As can be seen from the lesson structure diagram, there was an intro-
duction (episode 1 ) followed by individual student work (episode 2 ). This
was followed by a whole-class discussion in episode 3, where, as suggested
by the plan, Cath collected students’ ideas on the board. The class then
worked on the problem in pairs in episode 5. There was another whole-class
discussion in episode 6, in which the class talked about the ideas they had
come up with. Students returned to working in groups in episode 7. Finally
students presented their results in episode 10. This is the structure that
was suggested in the PD materials and described in Imran’s case study.
A noticeable difference between Cath’s lesson and Imran and David’s
lessons was the amount of time that students had to work on the problem,
working in groups or individually. Students in Cath’s lesson had 50% of the
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Figure 6.5: Lesson structure for Cath’s lesson showing the organization of lesson episodes (minutes:seconds).
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lesson to work on the problem in groups or individually. This compared to
42% in David’s lesson and 35% in Imran’s lesson. Cath allowed most time
for students to work on the problem.
A further feature was the way in which Cath imitated a portion of the
video example of the lesson. In the video, Gwen follows an episode of
paired-work, in an early part of the lesson, with whole-class discussion. In
this episode, Gwen asked students for their ideas about solving the Sharing
Petrol Costs problem. As students explained the problem Gwen wrote a
statement on the whiteboard to summarise students’ ideas. Cath imitated
this in episode 3of her lesson.
For much of the time students engaged with the task but in much of
episode 7 many students were working on a poster to present their ideas.
At least half the class focussed their attention on decorating their posters
and the production of lettering for the title. The solutions to the problem
and evaluation of that solution were not evident.
One issue for Cath was the size of groups, she had six per table and
this meant that students were not able to contribute to the groups when
working together.
The key contrast between what Cath did with the ideas in the PD and
what David and Imran did was that she implemented the materials without
adaptation or modification. In Chapter 8 I consider explanations for this,
including an explanation from a social learning theory perspective. Princi-
pally, the difference in the way the materials were used in the classroom is
related to differences in levels of experience.
Although, this is not the only consideration in these results: the im-
portant feature is the adaptations that were made and seeking a coherent
account of this from a professional learning perspective.
6.3 Summary
Having looked at how the PD materials were used by the departments in
the previous chapter and how teachers used those materials in the present
chapter, I have shown the effects of context and how departments find it
difficult to sustain the implementation of the PD. In this chapter, I have
looked how teachers engage with the PD materials, and make assessments
about how they might implement the ideas in their classrooms. I follow this,
in the final section, with consideration of how teachers actually implement
the suggested approaches. This shows that experienced teachers adapt and
develop the approaches to work for them. While the new teacher takes
the ideas on trust, not having had the classroom experience to make an
assessment about how the materials will work in class. I bring these ideas
together and present a social learning theory perspective in Chapter 8.
In the next chapter, which is the last of the three results chapters, I
present the results of how teachers changed as a result of participating in
the PD.
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Changes in teachers’
self-efficacy beliefs and
practices
In this chapter, I present results in relation to the research question ‘How
do teachers’ self-efficacy beliefs and practices evolve? ’ The logic underly-
ing the analysis presented in this chapter is the quantitative analysis of
changes for all teachers involved, supported and enriched by consideration
of individuals’ changes from an analysis of qualitative data.
The first section relates to changes in teachers’ self-efficacy beliefs, the
second is concerned with changes in teachers’ practices, the third deals with
the practices teachers’ found more or less difficult to adopt.
I begin with the quantitative analysis of changes in teachers’ self-efficacy.
7.1 Changes in self-efficacy
In this section, I present the results of the quantitative and qualitative
analysis of changes in teachers’ self-efficacy. I begin with changes as mea-
sured using a standard teaching self-efficacy instrument (Tschannen-Moran
and Woolfolk Hoy, 2001). This is followed by the results from the problem
solving teaching efficacy instrument, which was developed for this study.
Finally, I present the results of the qualitative analysis of how teachers
considered their beliefs to have changed.
Changes in teachers’ self-efficacy
Teachers’ self-efficacy changed in one factor of the standard teaching self-
efficacy instrument. The method used for this analysis was described in
Chapter 4 (Section 4.3.6, p. 86). There was an increase in efficacy for
instructional strategies ; I present the details of this result in this section.
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Table 7.1: Changes in teachers’ self-efficacy for instructional strategies and
student engagement using non-parametric tests.
Probability
(one-tailed) Effect
Teaching self-efficacy factor T z (p) size (r)
Instructional strategies 3.25 −2.572 .005 −.429
Student engagement NA1 NA1 .500 -
Notes:
1 Sign test used owing to Wilcoxon signed-test assumption violation.
n = 18.
Table 7.2: Teaching efficacy factors median and ranges
median range
Teaching self-efficacy factor pre- post pre- post
Instructional strategies 28.5 31.0 12 11
Student engagement 26.0 26.5 15 11
My hypothesis for changes in teachers’ self-efficacy was that teachers’
efficacy for classroom management would be unchanged and efficacy for
instructional strategies and student engagement would increase (see Section
4.3.6.1, p. 88).
Teachers’ efficacy for instructional strategies increased significantly from
before the PD (Mdn = 28.5) to after the PD (Mdn = 31.0), T = 3.25,
p < .05, r = −.429 (see Table 7.1 and 7.2). The effect is illustrated in
Figure 7.1b (p. 159). (The raw data is included in the Appendix).
I further hypothesised that efficacy for student engagement would in-
crease, however there was no significant change from before (Mdn = 26.0)
to after the PD (Mdn = 26.5) (see Table 7.1 and 7.2). The effect is illus-
trated in Figure 7.1c (p. 159).
While efficacy classroom management increased significantly, (M =
29.33, SE = .904) to (M = 30.94, SE = .698), t(17) = −2.022, p < .05
(using a dependent t-test), this was not consistent with my hypothesis. I
therefore accepted the alternative hypothesis in terms of efficacy for in-
structional strategies and but rejected the alternative in relation to student
engagement.
The effect size in relation to instructional strategies (r = −.429) was of
a small to medium size (Nolan and Heinzen, 2008, p. 547).
I discounted the effects of classroom management because it was not
hypothesised. This was because I had no basis for attributing causality to
the PD. It is also interesting to see that the change in efficacy for classroom
management was also a result, in part, of the pre-PD data being heavily
skewed (see Figure 7.1a). I further assumed the cause of this change was not
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related to the PD based on accounts given by teachers that the suggested
approach was more difficult in terms of managing classes. From my qualita-
tive analysis, teachers were describing their teaching experiences, using the
methods suggested in the PD, not as ‘mastery experiences’ and therefore I
would expect them to be less efficacious in classroom management—or at
least having the same self-efficacy in classroom management. I concluded
that this change was a result of other effects and the skewed nature of the
pre-PD data.
Changes in teaching problem solving self-efficacy
Teachers’ teaching problem solving self-efficacy changed significantly from
the beginning of the PD (M = 120.56, SE = 3.486) to the end (M =
136.56, SE = 2.685), t(17) = −5.320, p < .05 and r = −.625. This was
found using a dependent t-test as described in the methods chapter. I
therefore accepted the alternative hypothesis with a medium to large effect
size. The effect is illustrated in Figure 7.2. The teachers’ self-efficacy for
teaching problem solving had increased significantly over the course of the
PD.
Qualitative analysis of changes in beliefs
I interviewed eight teachers through the project. The interviews took place
after each of the five lesson observations. I also interviewed heads of de-
partments (along with the teacher who led the PD session, if this was not
the head of department) after each of the four PD sessions in each of the
three schools. Teachers were asked how their perspectives on teaching and
learning and in teaching problem solving had changed through the project.
I was trying to establish what effect the PD had on the way in which
teachers thought about their teaching. The way in which I carried out
data collection and analysis were described in Chapter 4 (Section 4.3.7, p.
96).
The quantitative analysis, in the previous section, showed all the teach-
ers in the three departments and who attended at least three out of the
four PD sessions (n = 18) had become more self-efficacious in instructional
strategies and in teaching using approaches that support students’ develop-
ment of problem solving skills. The results I present in this section provide
methodological triangulation for those results, but also explore some under-
lying processes of change in thinking and perspectives from the viewpoint
of individual teachers.
I begin with two teachers whose espoused beliefs were consonant with
the approach suggested in the PD at the beginning and remained similar
throughout the project.
Barry (Barrington) and Adrian (Boxton) explained how the PD was
consistent with approaches that they had aspired to use in their teach-
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(a) Efficacy for classroom management
(b) Efficacy for instructional strategies.
(c) Efficacy for student engagement.
Figure 7.1: Boxplots of pre- and post teaching efficacy factors (n = 18).
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Figure 7.2: Teaching problem solving efficacy pre- and post boxplot.
ing. Barry explained, “I think one of the reasons we are doing this project
is because I have been talking about how I would like to do more prob-
lem solving.” For Barry the PD was an opportunity to try out ideas and
use the approaches suggested in the PD to complement and develop his
teaching in order to promote students’ problem-solving skills. From this, it
was reasonable to assume that Barry’s beliefs about teaching and learning
mathematics were consistent with the ideas advocated in the PD. However,
in the latter part of this section, I show that Barry’s beliefs about teaching
and learning mathematics were more complex than is suggested in this part
of the analysis: they were dependent on the character of the group he was
teaching.
It is also important to note how Barry indicated a difference between
what he aspired to do and what he actually did. He vocalised an ambition
to use more problem solving, indicating that this did not characterize the
totality of his practice.
Adrian explained that the PD renewed his interest in teaching the way
he wanted to teach when he came into teaching—he was in his second year
of teaching.
I would say I have gone back to what I wanted to do when I
first went into teaching. In a sense that I. . . you go in thinking
I want to get them talking about it, seeing the need for it and
then you get out into the classroom and you realise it’s all
about. . . or you perceive ‘I just need to get control of this class,
I need to get. . . ’ But now I have done that bit, I feel like I
can am starting to go back and think about ‘why’ a lot more
(Adrian, lesson 4 interview).
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Adrian explained that he had entered the profession and commenced a
PGCE course with aspirations to encourage mathematical thinking and to
build his future practice around this ideal. He explained how his training
year and first year of teaching at Boxton had resulted in him having to
compromise these aims considerably. He found that he had to teach in a
traditional teacher-centred way in order to manage classrooms and student
behaviour. Like Barry, he gave me the impression that the PD was an
opportunity to develop an interest in alternative approaches to teaching.
Something that Adrian had to suppress in order to make his roˆle manage-
able at the very start of his career.
Through the project, neither Barry nor Adrian changed their view.
They were consistently enthusiastic in the way in which they attempted
student-centred lessons in the five lessons I observed. The comments that
both Barry and Adrian made about the ideas suggested in the PD were after
the fourth lesson I observed; this retrospective also supports the conclusion
that these two teachers had not changed their perspectives through the
project.
They continued to believe in the suggested approach, but in both cases
the extent to which they would implement the ideas was dependent on the
group they were teaching. This I will consider further in the next section
when I present the results about changes in practice.
At Norman Fletcher, Cath, who was in the first year of her teaching
career, explained how she thought the ideas presented in the PD were im-
portant. She said she had always felt it was necessary to give students the
chance to become “independent learners”. She had seen the PD and the
suggested approaches in one of her placement schools in her PGCE year.
Her mentor had been a contributor to the development of the PD materi-
als. When she was asked if the PD at Norman Fletcher had influenced her
views, she said not. She added that while she believed in the approach,
she did not always do it because of the challenges it presented in terms
of managing behaviour. This is consistent with Adrian’s view about the
first year of teaching and how he had focussed on managing classrooms
using a traditional teaching format rather than introduce student-centred
teaching, which was more difficult to manage. Cath was having a similar
experience, she explained how she was using approaches that were making
it easier for her to manage behaviour. The difficulty Cath was having with
student behaviour was apparent in the lessons I observed. Cath was able to
implement the suggested approaches but found it difficult to maintain con-
trol over the class. Although her classroom management skills developed
noticeably over the five lessons I observed.
In terms of the other teachers’ perspectives, David (Boxton), Christine
(Boxton), John (Norman Fletcher) and Imran (Barrington) all articulated
views that they were supportive of the ideas suggested in the PD. They
articulated a belief that student-centred approaches were accordant with
effective teaching: their espoused beliefs were consistent with the aims
of the PD. However, of these four it was just David who claimed to use
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student-centred approaches in his teaching. He explained that he frequently
included an activity in his lessons that encouraged students to think more.
While Christine, John and Imran said that they did not normally include
student-centred approaches in their teaching.
Of the eight teachers, one teacher, Pete (Norman Fletcher), said that
he did not believe in the value of the suggested approach. “The evidence I
have seen, in my classrooms, is that I am not convinced that it is a good
way of learning”. This view became stronger through the project. At the
beginning of the PD project, he was positive about the approach.
I accounted for this with the difficulties Pete had in the lessons I ob-
served. He believed that students were behaving badly when they were
given more opportunity to work on problems with less direction. In the
lessons I observed, Pete was uncomfortable with the way students would
not always appear to be engaged in the problems he asked them to work
on. He was frustrated with this and would become quite angry at times.
Pete was the only example where a teacher had described a change in
perspective or belief. Teachers, overall, did not express views that indicated
a change in perspective. David for example explained:
I don’t think [the PD] has changed [my views about mathemat-
ics and the teaching and learning of mathematics] really. No, I
don’t think it has, no (David, lesson 4 interview).
However, they frequently acknowledged the challenge of teaching using
the approach suggested. John explained how his views about teaching and
learning mathematics had not changed as a result of taking part in the
PD. He explained why, even though the ideas suggested in the PD were
important, he avoided problem-solving approaches:
I don’t think it [view about teaching and learning mathematics]
has changed particularly. I have always known that you have
got to be able to do the applications of it. And try to help
kids to understand. . . to see what they need to do as well as do
it. I make a distinction between maths and sums. Maths is
working out what the sums are. If you can’t do sums, you can’t
do maths. If you can do sums you can still not necessarily do
maths, you have got to work out what the sums are first. I often
say it’s like having a toolkit. Like a plumber goes to your house
and he selects the tools he needs to do a repair. It’s the same
in maths you have got these tools: which ones do you need in
order to approach this problem? And you may find that you
use different tools to do the same job and that is not necessarily
wrong. Teaching that [problem solving] is very difficult, we
tend to shy away from it because it is difficult. Kids don’t like
it because they don’t like being in limbo and not having that
feeling of uncertainty. So it’s a lose-lose. But we know what we
need to do, we are just not very good at. . . we just need a bit of
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kick up the backside to get us to make it happen (John, lesson
4 interview).
Apart from one of the teachers, teachers’ perspectives or beliefs about
effective teaching and learning of mathematics had not changed. Their
espoused beliefs, with the exception of Pete, were consistent with the aims
of the PD. What this analysis reveals is that teachers, in spite of believing in
student-centred teaching, did not always implement approaches consistent
with their beliefs. There was a difference between their espoused beliefs
and their enacted beliefs.
I described how I used data triangulation to validate the findings de-
rived from teacher interviews (see Section 4.3.7, p. 96) by using data from
interviews with heads of departments. While heads of departments were
not asked directly about teachers’ beliefs or changes in teachers’ beliefs,
they were asked what they thought teachers had taken from the PD and to
describe the teachers that found it more or less difficult to implement the
ideas suggested in the PD. In response to these questions (and other ques-
tions) heads of departments did not talk in terms of teachers’ perspectives
or changes in teachers’ perspectives and beliefs, they did talk in terms of
confidence.
Tony, the head of department at Boxton explained that he thought
that members of the mathematics department were more confident and
motivated in using more student-centred approaches:
So there is less of a. . . what is the word? Afraidness. . . there is
more of a willingness to try, rather than a fear-factor like before
. . . the fear factor is lessened, I wouldn’t say it has gone (Tony,
post PD 2 interview).
Similarly Deborah characterized change in terms of confidence.
. . . I think what it has done, it has given us the structure and the
time to focus on it in a way that we might not have done had we
not got these sessions. . . So I think it has given us the freedom
and, as I say, the structure to talk about it a lot more and to talk
about it as a team. . . I think that is the effect of it, we have done
more of that sort of activity with more confidence. . . (Deborah,
post PD 2 interview).
This is consistent with the quantitative analysis of self-efficacy, where
all teachers who participated in at least three PD sessions had increased
self-efficacy in teaching approaches that support students in developing
problem-solving skills. Here, two of the three heads of departments high-
light this, in terms of less fear and increased motivation, and that teachers
have taught using the suggested approach with more confidence.
Teachers did not talk about changes in confidence or motivation through
the project, but referred to self-efficacy as a barrier to implementing the
suggested approaches. Referring back to John’s comments:
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Teaching [problem solving] is very difficult, we tend to shy away
from it because it is difficult. Kids don’t like it because they
don’t like being in limbo and not having that feeling of uncer-
tainty. So it’s a lose-lose. But we know what we need to do, we
are just not very good at. . . we just need a bit of kick up the
backside to get us to make it happen (John, lesson 4 interview).
His explanation for not wanting to teach in ways that support the learn-
ing of problem-solving skills were in terms of the difficulty and that ‘ex-
trinsic’ motivation was needed to encourage—perhaps even force him to do
it.
Barry, who I had previously described has having beliefs that were
aligned with the aims of the PD and was willing to use the approach with
his high-attaining year 11 group, was more reluctant to use a student-
centred problem-solving approach with other groups.
I have got a set two that I am pretty much teaching in parallel
with this lot, who are the kind of set two that are mostly going
to do higher tier. And to be honest with you, on the whole, I
have steered away from doing these kinds of task with them.
Just because I know it would be much more painful. . . They go
off task very quickly. . . One of the things you are often wanting
to do is get them quiet and get them working. (Barry, lesson 4
interview).
Like John, his reluctance is related to having the confidence that it will
‘work’ in relation to classroom and behaviour management. It is a self-
efficacy issue: the belief the teacher has in the degree of success they will
have in the application of a set of actions.
Barry’s perspective on teaching and learning was coherent with the ideas
suggested in the PD. His self-efficacy beliefs in relation to the suggested
approach were in high in the context of his year 11 set 1 but lower in the
context of his set 2 group. This is a fine-grained scrutiny of Barry’s self-
efficacy beliefs. His head of department’s overall judgement was that he,
with other members of department, was more efficacious in the suggested
approach than Imran, Brian and Danny.
I would have said Barry, me Cheryl and Lynne do these ac-
tivities [student-centred problem solving lessons] with a certain
degree of confidence, because I think we like to try things like
that. And we don’t mind if it goes wrong. Maybe we have the
relationships in the classroom to be able to do that (Deborah,
post PD interview).
Deborah’s assessment was that self-efficacy (confidence) is important in
terms of teachers’ motivation in implementing student-centred approaches.
She also relates confidence, motivation (self-efficacy) to relationships with
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students: having the confidence to cope with things going wrong. I infer
from this that Deborah thought that if a teacher had a good relationship
with individuals in a class, then if the teacher tried something and it did
no go smoothly then then teacher could cope with this more easily.
David made a similar point to Barry. He says that he was confident
implementing the ideas with a year 9 set 1. This afforded him greater
margin for error if things were not going well, because they were more
patient. His view was consistent with the notion that a teacher could be
more confident with a student-centred approach with a higher attaining
group.
Furthermore, David made a generalisation about the approach in rela-
tion to existing practices and the source of teachers’ reluctance.
. . . I think it’s a big change as well, in terms of the change in the
kind of culture behind teaching and it’s not something that is
going to happen immediately. I think it is important to try and
get kids to think for themselves, which is kind of the main thrust
of the PD, I suppose. But it is tough really and especially, I
think, because when you take one of these lessons there is an
element of risk-taking, because you don’t really know where the
lesson is going to go and how long things take. So, I think I
have been lucky in terms of having the top set, because I think
they are very patient but with a lower-down set the patience
isn’t necessarily there. So for a normal teacher on a normal
teaching day you are faced with, ‘shall I take this risk with this
lower set or should I not?’ The easy way out is just to say, ‘I
will leave it’ (David, lesson 4 interview).
David did not see beliefs about teaching and learning mathematics as a
barrier to teaching in the ways suggested by the PD. David explained the
barriers in terms of existing cultures, ‘risk-taking’ and not knowing how
the lesson might play out. The consideration of the attainment-level of the
group also suggests that the barriers to teaching in student-centred ways
are related to student behaviour and managing behaviour. This links to
self-efficacy beliefs, that resistance to teaching can be explained in terms of
the beliefs teachers have in the extent to which they will be successful with
a teaching approach. Success in David’s terms appears related to classroom
management and student behaviour.
Christine explained that she thought using and applying mathematics
was becoming increasingly important. I asked her specifically if her views
about the way students learn had changed, she said that it had shown her
that low-attaining students could “access the tasks very well” as a result
she said she felt more confident using the kinds of tasks presented in the
PD with lower-attaining groups.
I think it has probably opened my eyes a little bit because some
weaker kids can actually access the tasks very well. I do have
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Figure 7.3: Teacher centred practices pre- and post boxplot.
high expectation of kids anyway, I have high expectations of
my bottom set (Christine, lesson 4 interview).
In sum, teachers’ perspectives or beliefs about teaching and learning
mathematics remained similar throughout the PD project. Furthermore,
teachers’ beliefs did not represent a barrier to teaching in the suggested
approaches. Two of three heads of departments described the effects of the
PD in terms of increased self-efficacy. This was consistent with the quan-
titative analysis of teachers’ self-efficacy in the previous section. Teachers’
themselves did not describe the impact of the PD on their own confidence
and motivation. However, their comments revealed how self-efficacy was
important in implementing student-centred approaches.
In the remaining sections of this chapter, I present the results of changes
in teachers’ practices.
7.2 Changes in teachers’ practices
Overall changes to practices
For the teachers in the sample (n = 18) their self-reported teacher-centred
practices reduced over the course of the PD, pre- (Mdn = 88.5, range =
35); post, (Mdn = 84.0, range = 33), T = 8.00, z = −1.729, p(one-tailed) <
.05 and r = .287 (see Figure 7.3). This was a small to medium effect. The
raw data is included in the Appendix.
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Qualitative analysis of changes in teachers practice
Teachers were asked, when they were interviewed after the fourth lesson,
‘as a result of taking part in the PD what do you think has changed in the
way you teach? ’
Barry described how he liked to let students struggle with problems
more:
I quite like just letting them stumble around. I think one of the
things I have become conscious of. . . I don’t like to tell them
stuff as much. So I much rather they stumbled around for a bit:
having a think about it themselves. I suppose if you came to
me five or six years ago it would be all about doing an example
that picked out all the things where they could go wrong.
Imran made a similar point:
I tend to withhold more and think. . . than give. And they just
get on with it, because I do that now most of the time because I
see that holding back a little bit sometimes and getting them to
think, then when they struggle I help them. I help them more
that way than the way I would normally do it. . . just give them
what they need to solve the problem with and then get on with
it. I see this generates more thinking from their end and doing
that, it makes their maths a lot better.
David said how he was thinking about students’ thought processes in
lessons, although he said it was something he was aware of already, he was
giving student thinking more focus and encouraging students to explain
their thinking more.
Adrian explained how he was less scared of having a noisy classroom and
had changed the desk arrangement in his room so that it was organised for
group-work all the time. He said that there was no way he would go back to
teaching in rows. Christine explained that she was doing more group-work
with one of her year 11 classes and described how she had them prepare
and teach a revision topic in groups. Of the three teachers interviewed at
Boxton, Adrian indicated his teaching had changed the most.
Cath, who was in the first year of her teaching at Norman Fletcher,
explained how she could not really talk about changes to her teaching: she
was too new to it. She said she was learning all the time, meaning that
she was developing classrooms skills, pedagogic knowledge and establishing
relationships with students. John was unable to say whether his teaching
had changed as a result of the PD. Pete, said that he was using more open-
ended questioning in his teaching, he said he was not always immediately
giving students answers but encouraging them to think about the problem
further.
Heads of departments were also asked about changes in teaching. At
Boxton it was believed that teachers were making more use of discussion
and collaboration in lessons:
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I consider there is far far more group-work going on now than
I can recall, for one thing. [At]. . . Key Stage 3, more so than
year 10 and—well, at Key Stage 3 it is more of a accepted
practice, where prior it was a sort of novelty. You know what I
mean, it is part of practice, you didn’t see that much of it before
(Tony, Head of Mathematics, Boxton, interview after third PD
session).
At Norman Fletcher the head and assistant head of department were
not sure if teachers’ practices had changed. They explained that as a
result of negotiations with one of the teaching unions, they were limited
in the extent to which they could observe lessons. They had no evidence
from which to judge whether there had been an effect on the way teachers’
taught.
At Barrington, Deborah the head of department, believed that there
was more problem solving included in lessons, particularly by her, Lynne,
Cheryl and Barry. She also described some observations that had been
made by the school’s leadership team:
[W]e have had, with the imminence of OFSTED. . .management
have been doing quite a lot of out-and-about and they’ve com-
mented on how much discussion they see when they go into
maths classes. . . how much discussion and problem-solving and
kids talking about their work. In a way that I don’t think they
might have seen.
The changes described here include, greater use of group-work, encour-
aging students to persevere with problems and more open-ended question-
ing. This is consistent with the quantitative analysis in the previous section.
This revealed a small to medium effect in terms of teaching becoming more
student-centred over the course of the PD.
In the next section I look at what aspects of the PD were more or less
difficult to adopt.
What practices did teachers find difficult to adopt?
In order to investigate the practices teachers found difficult to adopt, I
considered what they believed the challenges were in teaching in the ways
suggested by the PD using the same analytic approach I had used in the
study of teachers’ changes in self–reported practices.
The most common response was not aimed at a particular aspect of
practice, but was related to concerns about student behaviour, or more
specifically, the possibility that a student-centred problem-solving approach
makes managing behaviour more of a challenge. For example, John from
Norman Fletcher described the challenge of the suggested approach in the
following way:
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You risk a loss of control. You have to be much more comfort-
able with letting there be recurrent chaos in the classroom. You
can’t say ‘shut up and do this’ because they are not going to
shut up they are not going to stop doing that. It’s the essential
part of it—a lot of it is collaborative, a lot of it is learning from
each other. A lot of it is there isn’t a right answer, and that is
very much a more uncomfortable position for both the students
and the teachers to be in. You have to learn to manage your
discomfort.
John was observed teaching a lower-attaining group. He found the be-
haviour of the group very challenging and explained that the experience
had been negative. On the other hand Barry from Barrington taught a
high-ability year 11 group through the project and had a much more pos-
itive experience. Although when asked about the challenges in teaching
in ways suggested by the PD he imagined and described the problems he
thought he might have with another more challenging group.
They go off task very quickly. You could see even with this
lot [the year 11 top-set group], some of them were drifting.
With my set 2 particularly, they would be drifting in minutes.
So I wouldn’t. I suppose what I would have to do is scaffold
the lesson a bit more, make it a bit more structured (Barry,
interview after lesson 4 observation).
This supports the idea that teachers consider the effectiveness of teach-
ing as related to effective classroom management.
John spoke of “recurrent chaos” in a student-centred lesson and he
talked in terms of coping with disorder. Barry suggested that with his set
2 class he would need to “scaffold the lesson a bit more” and “make it a
bit more structured” which means making it more teacher-centred.
Cath, the newly qualified teacher at Norman Fletcher, explained the
challenges of teaching using the suggested approach was she was “never
quite sure what was going to happen” and there was no “set pattern” to
follow.
Pete from Norman Fletcher talked about the “routines” of a “normal”
lesson with which students know what is expected. Pete also elaborated
on the idea of structure. This term has been used in this thesis to analyse
the arrangement of episodes in a lesson. Pete, like other teachers, used
‘structure’ to characterize teacher-centred teaching. Pete contrasted the
way he usually teaches with the approach suggested in the PD as follows:
In a normal maths lesson, I can say, ‘right, I need you to get
to—you are not making enough progress, you are not settled—I
need you to get to at least question two or you are not going to
break on time.’ With this, I can’t say that because there isn’t a
right or wrong. There isn’t a question one and question two. I
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can’t say you must get to this stage because there isn’t a stage
to get to. . . I think that complete lack of structure makes it a
bit more tricky.
There were specific aspects of the PD that teachers found more or less
difficult to adopt. For example, allowing students to sit in groups, and
giving them chance to think more before intervening. Overall, what teach-
ers considered to be difficult was in terms of being effective in classroom
and behaviour management with all students rather than just those high-
attaining few.
Development of teachers’ practices in the observed
lessons
In the final part of this chapter, I look at how teachers changed within
the observed lessons. I consider how teachers developed in the teaching
of student-centred problem-solving within lessons that were devoted to the
approach.
The research was designed in order that teachers could be observed
teaching problem-solving lessons at five points through the project in order
to identify how their approach to teaching problem solving had developed
over the course of the PD. Two of the lessons were planned in the introduc-
tory session of each of the PD modules. These were the into-the-classroom
phases of the PD modules and were the second and fourth observed les-
son. Six of the teachers were observed five times. These were Barry and
Imran from Barrington; David and Adrian from Boxton; and Cath and
Pete from Norman Fletcher. The aim was to consider how their teaching
of student-centred problem solving developed through the project.
In this, I used the three teachers from the case studies in the previ-
ous chapter. These were: Imran (Barrington), David (Boxton) and Cath
(Norman Fletcher).
A lesson diagram for each of the teachers’ five lessons is shown in Figure
7.5, 7.6 and 7.7 (pp. 174–176). It is worth bearing in mind during the
presentation of these results that ‘blue’ represents teacher led episodes and
‘green’ represents student group work. These are included in the legend for
each set of diagrams. However, the blue and green elements are the focus
of this analysis: how much teacher-led or group-work activities are there?
And, how are these arranged in the lesson? How does the pattern change
from lesson-to-lesson?
I begin with the set of lessons I observed Imran teach and then compare
and contrast this analysis with the patterns evident in David and Cath’s
lessons.
In Imran’s first lesson (see Figure 7.5a, p. 174). He uses two sets of
problems—he has two related mini lessons within a single lesson. Each of
these featured group-work interspersed with whole-class discussion. After
the PD session, Imran uses the same lesson structure with two mini lessons
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(Figure 6.3). However, there was less time for group-work since there were
more interjections for teacher exposition or whole-class discussion.
In lesson 3, he let students have much more time working independently
and collaboratively on the problem (Figure 7.5c). He gave the class a set of
problems, taken from past examination papers (see Figure 7.4) and allowed
them to get on with problems. This differed from a traditional lesson only
in the fact that Imran did not explain the methods to use at the beginning
of the lesson. The set of problems, as illustrated in Figure 7.4, are routine
problems, where there are a limited number of ways in which the problems
can be solved. They are not the sort of problem suggested by Schoenfeld,
as a task where it is not obvious which technique or method to use to solve
the problem (Schoenfeld, 1992). Although not explaining methods does set
up this situation, students would simply have to look up the ‘method’ to
use.
Lesson 4, followed the second introductory PD session, in this lesson
Imran followed the suggested ideas and plan more closely (Figure 7.5d).
He allowed more time for group-work. In lesson 5, the pattern of the lesson
is similar to lesson 1 and 2. There were two tasks and periods of group-work
were interspersed with teacher-led plenaries.
  (a) A, B and C are points on the circumference of a circle, centre, O.  
      AC is the diameter of the circle. 
                    Write down the size of angle ABC. 
 
* (b) Given that AB = 6cm and BC = 8cm, work out  
        (i) the diameter of the circle,                  (ii) the area of the triangle    
        (iii) the area and circumference of the circle, leaving your answer in terms of ࣊Ǥ 
(c)  D is a point on the circumference of the circle above such that angle BDC = 6Û 
                      (i) Write down the size of angle CAB. (ii) Work out the size of angle ACB. 
 
Figure 7.4: Imran, lesson 3, example of Circle Theorem problems.
Overall there was no overall pattern which revealed how Imran’s teach-
ing developed over the programme. However, there was a relationship
between the amount of group-work that Imran permitted and the type of
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task. The more the task would not keep students occupied and engaged the
more plenary sessions he included. I refer back to the case study in the pre-
vious chapter to make this finding. In addition, it can be seen how in lesson
3 (Figure 7.5c), Imran gave the students a set of revision problems they
could get on with. In contrast, in lesson 2 (Figure 6.3), Imran thought the
tasks were two easy and therefore interjected and used a two-mini-lesson
strategy.
Turning to David’s lessons (see Figure 7.6, p. 175), lesson 2 and lesson
4 were implemented in a way that was consistent with the lesson plan
included in each of the PD materials. In lesson 1, 3 and 5, where David
was asked to teacher a problem-solving lesson of his choice, there was no
evidence of a pattern of development.
In lesson 1 (Figure 7.6a), David spent time at the beginning of the doing
some revision on Pythagoras’ Theorem, before getting the students to work
on a puzzle which required its use to solve a geographical puzzle. The lesson
required students to practice the use of a mathematical technique but was
not a problem solving lesson, as I discussed above—there was not a range
of methods that could be used to solve the problem. This is not critical of
David but an observation based on the definitions I am using here.
Lesson 3 (Figure 7.6c) coincided with a non-uniform day. In this les-
son the task was open-ended and required limited mathematical thinking.
Students were asked to make nets and construct 3D shapes to make an
‘interesting’ object. After David carefully organised the class into groups
and allowed them to get on with the tasks which they enjoyed doing but it
contained limited mathematical challenge.
In lesson 5, (Figure 7.6e). David spent time organising groups and group
roles before students worked on a problem which involved them having to
work out what the largest cube they could make from an A4 piece of paper.
David asked them not to use trial and error and wanted them to model and
predict.
Like Imran, the way in which David structured the lesson was related
to the task and the extent to which the he thought students might struggle
and not be occupied by. David, in lesson 3 and 5, found tasks that he
could give the students to get on with for extended periods and also were
appropriate to the context. In this respect lesson 3 was on a non-uniform
day, the students were excited and were not in the frame of mind to work
patiently on a challenging problem. The task clearly met the requirement of
giving the class something to do, but had limited mathematical challenge.
Cath’s series of lessons similarly did not reveal a pattern that showed
development in the teaching of the approach suggested in the PD. However,
it does reveal that Cath, unlike the other teachers, used the ideas and
suggested lesson plans in lessons 2 to 5 (Figure 7.7, p. 176); she used
lesson plans and tasks from the PD materials in each of these lessons. While
Imran and David were using their experience to judge what tasks to use
and how to implement them, Cath, as a new teacher, had relatively little
of these experiences and therefore implemented the approaches without
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pre-judgement.
The analysis of a series of lessons did not reveal much about the change
process, since there were so many different factors influencing the design
and execution of each lesson. There too many confounding variables. How-
ever, this analysis reveals something about teachers’ attempts to change in
practice and the results presented here have to be taken alongside the anal-
ysis of Imran, David and Cath’s use of the PD materials in the previous
chapter.
This longitudinal analysis shows repeated contextually-specific attempts
to implement the ideas or similar ideas suggested in the PD. One key issue
is the amount of time teachers allow students to work on a challenging
problem-solving type of task. The more challenging the activity, particu-
larly in respect to it being open-ended, the less time teachers allow their
students to work on them. Or, they try and teach them how to solve
the problem in advance. The situation was slightly different with the new
teacher who was more willing to try the suggested ideas unfettered. I dis-
cuss this further in the next chapter.
7.3 Summary
In this chapter, the results of this research have been presented from the
perspective of change. That is, changes in teachers’ beliefs and changes in
practices: the practices teachers adopted as part of the PD and finally the
effects of the PD on students.
In terms of changes in teachers’ beliefs, this research shows that teach-
ers’ self-efficacy in teaching using a student-centred problem-solving ap-
proach had developed. This was based on the analysis of teacher survey
data and also supported by the qualitative data, in particular the com-
ments made by two of heads of departments. Although, teachers talked in
terms of developing confidence in the suggested approach.
It was also shown that while the PD may have contributed to developing
teachers’ self-efficacy, there seemed to be little effect on teachers’ beliefs
about the teaching and learning of mathematics.
The analysis of teachers’ self-reports about their teaching before and
after the PD, along with interview data from teachers and heads of depart-
ments, shows that there had been some small changes in the ways teachers’
taught. Their teaching had become more student-centred. Although, I am
alert to the fact that this may mean that teachers adopted some features
such as group-work and questioning into a predominantly teacher-centred
approach. The extent to which teachers offered problem-solving types of
lesson was so much dependent on the confidence and attainment level of
the group.
In the next chapter, I discuss these results and those of the previous two
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(a) Lesson 1.
(b) Lesson 2.
(c) Lesson 3.
(d) Lesson 4.
(e) Lesson 5.
Figure 7.5: Imran, Barrington, lesson timelines for observed lessons.
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(a) Lesson 1.
(b) Lesson 2.
(c) Lesson 3.
(d) Lesson 4.
(e) Lesson 5.
Figure 7.6: David, Boxton, lesson timelines for observed lessons.
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(a) Lesson 1.
(b) Lesson 2.
(c) Lesson 3.
(d) Lesson 4.
(e) Lesson 5.
Figure 7.7: Cath, Norman Fletcher, lesson timelines for observed lessons.
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chapters and offer an interpretation of these results from a social learning
theory.
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Discussion
In this chapter, I discuss the results presented in Chapters 5, 6 and 7.
This is organised in a similar way to those chapters and corresponds to the
research questions:
1. How do teachers use the professional development materials: what
do they attend to and why?
2. How do teachers’ self-efficacy beliefs and practices evolve?
3. Which practices do teachers find easiest or most difficult to adopt?
Why is this?
I begin with a discussion of how the PD was used with departments
as the focus. Following this, I discuss results in relation to how individual
teachers used the PD. In the final part of this chapter, I look at the way
in which teachers changed drawing on both qualitative and quantitative
analysis.
Overall, I take the results from the multiple studies and interpret the
learning processes and changes in teachers’ self-efficacy, beliefs and prac-
tices from the perspective of social learning theory.
8.1 How the PD was used
Here, I discuss and interpret the results presented in Chapter 5 (The schools
and the departments and how they used the PD) and Chapter 6 (How the
PD materials were used by teachers) from a theoretical perspective.
I addressed the question, ‘how do teachers use the professional devel-
opment materials: what do they attend to and why? ’ at two levels: at the
level of the department and the influence of the school and external context
and at the level of the individual teacher.
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How the PD was used at a department level
In Chapter 5, I presented results in relation to the fidelity with which
the PD was used in the three schools that completed the PD programme.
I also carried a contextual analysis of the four schools that started the
programme. The analysis of fidelity presented a measure of how the PD
cohered with the schools’ contexts. Context, I considered at three lev-
els: the external context, the school-level context and the department-level
context.
Fidelity was used as measure of the degree to which the PD was imple-
mented in a way consistent with the design intentions. The PD materials
included guidance on running the PD sessions. There was a presentational
tool, the Bowland player, which provided a platform for presenting the
video materials which were included in the PD. There were also session
plans. The expectation was that the PD sessions could be presented in
different ways, but there were fundamental ideas and models of practice
that needed to be included. The fidelity measure was designed to identify
the extent to which there was a discrepancy with the approach suggested
in the PD.
The key result was that in two of the schools, Boxton and Norman
Fletcher, the fidelity with which the PD was implemented decreased over
the four sessions (two modules). At Barrington, fidelity was sustained
through the two-module programme. It is important to point out that
Hilltown stopped the PD after the first module so the PD sessions were
not analysed for fidelity. However, I still consider how contextual factors
had an influence on what they did.
I relate the fidelity profiles of each school to the idea of coherence. Ac-
cording to Desimone et al. (2002), coherence is a characteristic of effective
PD through “. . . incorporating experiences that are consistent with teach-
ers’ goals [and are] aligned with state standards and assessments. . . ” (p.
83). I took the idea of ‘alignment’ but considered a more sophisticated con-
ception of the contextual factors which went beyond ‘state standards and
assessments’ posited by Desimone et al. Informed by theory about profes-
sional development context (see Cooney and Krainer, 1996; Krainer, 2006;
Llinares and Krainer, 2006), I derived a hierarchical coherence/contextual
framework which featured, the external context, school-level context and
department-level context.
From the analysis of each school’s context, which was presented in
Chapter 5, I summarised the coherence/contextual characteristics. A sum-
mary of the results is shown in Table 8.1. For each school, I consider the
relationship between coherence and fidelity.
Boxton
Boxton had a high PD coherence in terms of its external context (see Table
8.1, p. 180). It was getting good examination results and had received
179
Chapter 8: Discussion
Table 8.1: Summary of PD coherence at different contextual levels and
fidelity profile for each school.
Context level
School External School Dept Fidelity
Boxton high moderate moderate declining
N. Fletcher moderate low low declining
Barrington moderate/ low moderate stable
low
Hilltown low low low ceased
participation
The possible descriptors for each contextual level are: high, mod-
erate, low.
an ‘outstanding’ judgement from OfSTED. Case studies have shown that
schools in challenging accountability contexts (e.g. in special measures)
result in a performativity culture and pressure to normalise practice (Hall
and Noyes, 2009; Perryman, 2006, 2009; Perryman et al., 2011). There was
no evidence that the school leadership team perceived a need to conform
to what they considered to be the kinds of teaching valued by OfSTED.
Neither did they have to encourage or enforce a teaching model that was
focussed on examination results. However, at the end of the final PD session
teachers spent five minutes discussing what OfSTED inspectors valued. At
Boxton, performativity pressures were not entirely absent, but they were
minimised because they were producing good results.
The school’s improvement plan referred explicitly to the, “project with
the University of Nottingham” in developing students’ independent and
collaborative learning. The plan was displayed on the maths office wall, this
suggested the PD was integrated into the school’s strategy. This, however,
was where the integration ended. The school did not allocate resources
in order that the mathematics department could dedicate meeting time
for PD sessions. Furthermore, the school did not undertake an evaluation
of the PD. It has been shown that schools rarely evaluate PD initiatives
(Pedder et al., 2008) and this has been recognised as limiting the impact
of PD (OfSTED, 2006; Pedder et al., 2008). At Boxton, the extent to
which the PD was integrated into the school development plan was that it
featured in the development plan documentation.
The departmental culture appeared team-spirited. This suggested the
potential for collaboration, this has been identified as an important char-
acteristic of effective PD (Cordingly, Bell, Rundell, and Evans, 2003; Des-
imone et al., 2002; Stoll et al., 2006). However, the indication was that
the Boxton mathematics team worked together cooperatively and liked to
achieve consensus. This did not equate to collaboration in which one might
expect critical debate as well as cooperation and consensus building.
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This analysis revealed that Boxton, compared to the other schools, was
in a situation where the PD was most coherent and most aligned to condi-
tions. However, the fidelity with which the PD was implemented declined,
indicating that perceived coherence decreased. That is, the department did
not treat the second module with same importance as the first.
There are a number of possible reasons why the fidelity declined. An
important factor was that Amy ran the PD sessions at lunchtimes, this
resulted in reduced fidelity scores in the second round of introductory and
follow-up sessions. From observing the first two PD sessions, (Fostering
and managing collaborative work – introductory and follow-up sessions), it
was clear that Amy had thought carefully about what to include in order
that the one-hour session could be completed in a maximum of 40 minutes
(see Figure 5.2). This was less evident in the second PD module (Involving
pupils in peer and self-assessment) the fidelity with which the sessions were
implemented diminished further. The problems and issues of allowing time
for PD is been highlighted in previous research (see, for example Back et
al., 2009; Pedder et al., 2008). Although, the school appeared committed
to the PD, it was unable to provide resources to ensure enough time was
given for PD sessions.
There was also a fatigue effect: the initial enthusiasm for the project and
the PD seemed to subside. There was indication that the department was
more interested in the first module—developing group-work and discussion.
There seemed to be less interest in developing peer and self-assessment in
problem solving. In the school and department development plan, there
was a stated aim for improving group-work. In interviews with teachers
and the head of department, the PD and the suggested lessons were referred
to as the ‘group-work PD’ or ‘group-work lessons’ and there was evidence
in the lessons that the focus for the department was the development of
effective group-work over and above problem solving: it may have been
that that the module on assessment was not so relevant. Certainly, the
case of David and the longitudinal analysis of his teaching in the observed
lesson revealed a preoccupation with effective group-work over and above
the problem-solving aspects.
Although I considered the external context to have high PD coherence,
it is still likely that accountability has an influence on how schools, depart-
ments and teachers judge their needs in terms of professional development
even though they, like in the case of Boxton, are judged to be outstanding
and are getting good results. While research has focussed on schools in spe-
cial measures or in challenging circumstance (see, for example Perryman,
2006, 2009) it seems likely that normalising forces arising from a surveil-
lance and performativity culture affect ‘outstanding’ schools also, albeit to
a lesser degree. This makes it difficult for schools to sustain the implemen-
tation of PD, where the PD may not be aligned with the ‘normal’ model.
I argue that the ‘normal’ model would be a traditional teacher-centred
teaching approach, based on my discussion in Chapter 3.
It is likely then, the PD project was not fully integrated into the school
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improvement plan, because it was not central to the school aims of main-
taining its position as an outstanding school. It was department-led initia-
tive supported by the school leadership team. Leadership support for the
PD was probably based on the notion that it was motivational—something
the department were interested in doing, rather than something central to
the school’s strategic approach to developing teaching and learning.
The effects of the department context and culture were secondary to the
external context and school-level factors. The department were prepared
to work collectively and the PD was led effectively. The lack of integration
of the PD into school development was the main reason why fidelity de-
clined and this was a consequence of the coherence of the PD with external
accountability.
Therefore, in order to sustain the implementation of PD—and espe-
cially where the PD invites change—it is necessary that the PD initiative
is integrated into the school’s improvement and development plan and ac-
tions, and is reviewed and evaluated at school level. Otherwise, interest
dwindles and is supplanted by a focus on accountability concerns. This is
also reflected in the case of Norman Fletcher.
Norman Fletcher
Norman Fletcher had moderate external PD coherence (see Table 8.1, p.
180). Although the school had been given an ‘outstanding’ rating and
examination results had been above the national average, results fell in
the previous year. While the head of department had committed to the
project before the previous year’s poor results had been published, she was
concerned about participating in the project after the summer.
At the beginning of the PD project, the mathematics department was
subject to an internal review. This was an internal inspection which
included lesson observations and a review of the department’s results.
The process was similar to an OfSTED inspection. This was evidence
of performativity-led surveillance and would likely lead to an attempt to
normalise practice as had been the experience in the case study schools
investigated by Hall and Noyes (2009) and Perryman (2006, 2009). How-
ever, because the school had been judged as ‘outstanding’ in the previous
inspection, its situation was not as perilous as schools going into special
measures or requiring improvement.
I concluded that the direction of travel was likely to be toward a focus on
teaching in order to maximise examination success in the short term. This
would mean focussed, traditional, teacher-centred lessons with an emphasis
on fluency in mathematical methods. On balance, it seemed unlikely that
there was going to be strategic response that led to teaching to develop
deeper understanding or to develop problem-solving skills. Overall then, I
summarised this as a ‘moderate’ external PD coherence context because it
was a context which was not entirely amenable to the Bowland PD, at the
same time it did not preclude it altogether.
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At Norman Fletcher, the PD was less well integrated in to the school
improvement plan. Although, there was some relationship between the
PD and issues raised about students’ independent learning in the previ-
ous OfSTED inspection report. There was no evidence of the PD being
documented in school or department development plans. It was largely
the initiative of the head of department and approved by the headteacher.
Certainly, no resources were provided nor was evaluation planned.
In the mathematics department, there was less evidence of a collabora-
tive culture than there was at Boxton. It was a large department of fifteen
teachers. It reflected Hargreaves’ (2000) characterisation of the Age of
the autonomous professional. Teachers working individually in classrooms
that were effectively private spaces. Furthermore, the head of department’s
leadership approach was consistent with a traditional hierarchical command
and control style. PD sessions led by the head of department featured many
lecture-style activities and instructions were given to staff about what as-
pects of the PD they should do.
Similar to Boxton it was the external and school-level contextual factors
that explained the declining fidelity with which the PD was implemented
through the project.
This also supports the conclusion I reached about the implementation
of the PD at Boxton. In order to sustain implementation the aims of the
PD would need to have been more integrated into the school development
plan.
The next case appears to contradict this, however the particulars of the
case reveal why there was an exception.
Barrington
At Barrington, the situation was a little worse, in terms of external-context
and PD coherence. Results had been below the national average for a
number of years and an OfSTED inspection was imminent. The head of
department believed that if the school was lucky, it would get a ‘requires
improvement’ judgement. It was not clear what the response was going to
be by the school leadership team. I saw little evidence of any long-term
strategic improvement plan. It was going to be necessary to improve results
quite drastically. I expected that at some stage there would be focus on
results which would lead to a short-term focus on teacher-centred teaching.
Although, at department level, there were, as I come too shortly, many
positive contextual factors. However, externally, accountability pressure
was imminent and this threatened the coherence of the PD. I therefore
judged external PD coherence to be moderate or low.
At Barrington, like Norman Fletcher, involvement in the PD project
was a department-led initiative and was not integrated into school-level
improvement plans.
What Deborah the head of mathematics at Barrington had effectively
done was define her own strategic aims for the department. She had carried
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out her plan, which was to implement the PD with the whole department,
but aimed the PD more at her committed core group. As a result she
was able to sustain her personal commitment to the PD. Consequently,
as a result of her strategic autonomy, the fidelity of the PD sessions was
sustained, but the level of participation in the department was lower than
in the other two schools.
In spite of a difficult external and school-level context, the energy and
commitment of the head of department contributed to sustaining the im-
plementation of the PD in a way that was consistent with its aims. In
addition, she was shrewd in focussing the PD on a particular group of in-
terested teachers, although all of the department were required to attend
the sessions.
In this case, it was evident that strong and experienced department
leadership can overcome the effects of the external and school-level con-
text. Yet, even though Deborah sustained the implementation of the PD,
in spite of school-level ambivalence, it was really only part of the depart-
ment that were fully involved. I suggest, therefore, that what happened at
Barrington was consistent with the conclusions reached about the effects of
accountability and school-level integration in the previous two cases. The
difference was that the strength of department leadership did remediate
the situation to some extent.
The final case is an extreme example of the effects of accountability and
performativity on the implementation of the PD.
Hilltown
Hilltown—in terms of its external accountability context—was at the other
extreme to Boxton. Shortly after the project started the school was in-
spected and judged to ‘require improvement’. The head of department re-
signed, as did the teacher who had volunteered to lead the PD. I returned
to the school and interviewed a teacher after the project and he explained
that he thought the resignations were linked to and caused by repeated
lesson observations carried out by the school leadership team. This was
consistent with the conditions observed by Hall and Noyes (2009) in their
case study, where teachers were under pressure to be observed frequently,
conform, and experienced significant levels of stress as a result.
I interviewed a member of the school leadership team to elicit reasons
why the school was not able or not willing to pursue the PD project. He
explained that although he believed the PD was worthwhile and impor-
tant, the school’s resources needed to go into improving on their OfSTED
grading. This meant that the PD they wanted was of the type that helped
teachers present lessons that were going to be judged ‘good’ or ‘outstanding’
by OfSTED. This was similar to Perryman’s (2006, 2009) analysis of the
leadership in case studies schools in special measures. They implemented a
surveillance culture to monitor teaching and encouraged particular teaching
models (Perryman et al., 2011). The Bowland PD was not aligned to this
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aim. I therefore considered Hilltown to have low external PD coherence.
This was borne out as it withdrew from the project.
Therefore, this case is consistent with my analysis of the three preced-
ing cases. Accountability in the external context leads to performativity
and normalisation of teaching, a consequence is that the PD was not in-
tegrated into school-level strategy. In this particular case, not only was it
not integrated, it was overtly excluded by the school leadership.
To summarise and synthesise the analysis of the way the four schools
implemented the PD, and the effects of contextual factors, I draw on my
discussion of professional learning from a social learning theory perspective
in Chapter 3 (Section 3.3, p. 49). My discussion here concludes with a
picture of the normalisation of teaching and a performativity culture as a
result of accountability. The more pressure a school is under, the greater
the pressure to normalise teaching. Normalisation is toward traditional
teacher-centred teaching. This is consistent with my theoretical analysis in
Chapter 3 and the idea of the ubiquity of teacher-centred teaching.
My analysis in this section can be further explained using social learning
theory. Social learning theory tells us that in order for individuals to behave
in ways other than the norm; they require models of alternatives and self-
efficacy in those alternative approaches. For teachers implementing new
approaches, they need opportunity to see and imagine the new approach,
and the confidence that it will work in their classroom. One influence on
self-efficacy is the physiological and affective state of the individual. If we
are tired, ill or stressed then our self-efficacy will be reduced. Therefore,
in a high-stakes accountability culture, which features surveillance through
repeated observation, and pressure to improve examination results, it is
highly likely that teachers experience levels of stress that do not support
their self-efficacy in alternative teaching approaches. I develop this further
through the remainder of the discussion in this chapter.
This is exacerbated when the valued models of teaching are oriented
towards short-term improvement in examination results: where the em-
phasis is on teaching for proficiency in particular methods, and approaches
that maximise students’ performance in examinations. This is consistent
with a traditional teacher-centred approach which focuses on demonstrat-
ing methods and student practice.
From a self-efficacy perspective, and from a consideration of the valued
models of teaching, the effects of accountability can be explained. At school
level then, where leaders are accountable for results and performance, the
pressure to perform is likely to have an impact on the culture of the school
and consequently on teacher self-efficacy, as well as what is tacitly or even
overtly proffered as the valued model of teaching.
At Boxton, the pressures were less than at the three other schools.
However, the kind of teaching that was promoted in the PD appeared not
fully consistent with the school’s aims. The tacitly valued approach would
be predominantly toward maximising school results. Therefore—and this
was evident in the extent to which the PD was integrated at school level—
185
Chapter 8: Discussion
the models proposed in the PD were only marginally valued by the school.
This explains why the department was not given resources in order to
sustain the PD’s implementation. The department began enthusiastically
but interest diminished because it was not fully supported by the school.
This is consistent with the experiences at Norman Fletcher and Hilltown.
Barrington was the exception through the efforts of the head of department
and that she effectively worked with only part of the department.
Overall, context has previously been found to have an impact on the
effectiveness of PD (Desimone et al., 2002) but is rarely considered (Ro¨sken,
2011). In this study, I have shown how the effects of context impact on
the implementation of the PD. Contextual factors can have such negative
effects on PD implementation. In spite of this, the PD had an effect on
teachers’ self-efficacy and practices, as I will discuss later in this chapter
where I consider the nature and extent with which the PD had an impact.
This leads on to developing an overall understanding of how this kind of
PD might be improved and also understanding more about professional
learning processes.
In the next section, I discuss how individual teachers used the PD and
look at professional learning processes in more detail.
Teachers’ attention in part of a PD session
This discussion relates to the results in Chapter 6 (Section 6.1, p. 128),
where I presented the analysis of teachers’ discussions in part of a PD
session, with the aim of identifying what teachers attended to and noticed
about the PD.
My analysis revealed four pedagogical aspects that teachers ‘noticed’
and attended to in the PD. These were as follows:
1. Allowing students time to discuss an open-ended problem
In the video, the teacher, Eve, had asked students to think about and
then discuss, ‘how many teachers are there in the UK?’ They were
given one piece of information, that the UK population was about 60
million. Students were asked to discuss their assumptions, reasoning
and solutions. Nigel and Amy expressed concern about the divergent
ideas and approaches students come up with. They were ‘off task’
and had unproductive or unpromising approaches. Nigel thought the
teacher should have intervened in order that the students had a more
efficient way of getting a solution.
2. The lesson structure
Mary and Jane observed the underlying lesson structure: allowing
students to work alone, then working and discussing in pairs and
finally in groups of four—a think-pair-share structure. Jane noticed
the think-pair-share structure.
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3. The use of the resources
Phil commented how he liked the use of small whiteboards. In the
video, students were using them to try out calculations—it gave them
freedom to try an idea, rub it out and try something else. They were
not bound to finding a particular approach or method.
4. The use of questioning to elicit and promote reasoning
Tony noticed how Eve used the question ‘why?’ as a means to en-
courage students to think about their assumptions and reasoning.
It is difficult to establish why these aspects of the example lesson were
more prominent and worthy of comment and discussion. The fact was
that these aspects moved teachers to make comments. What were impor-
tant were the comments teachers made about these aspects of the example
lesson.
The comments teachers made were evaluative, they expressed positive
and negative opinions about the elements of practice they observed. For
example, Nigel was critical about allowing students the freedom to discuss
a range of different assumptions and methods. He said that the teacher
should have intervened to prevent unfruitful lines of inquiry. While Tony
was positive about the use of questioning.
The basis for the evaluations teachers made about these aspects of the
example video provides insight into how teachers engaged with the PD ma-
terials. Furthermore, it reveals something about the professional learning
processes.
It is the nature of the criteria the teachers used for their evaluations
that is central to my analysis of the teachers’ discussion and in explaining
what teachers attended to and noticed.
There are three possible explanations for their assessment. The first is
that teachers evaluated what they observed based on a forward-oriented
judgement of the extent to which they would be successful if they imple-
mented what they observed. This is based on social learning theory.
The second is that it is a judgement made using more general preferences
about what teachers view to be effective teaching, without the forward
orientation. This is consistent with the idea of teachers’ beliefs about
teaching and learning (Ernest, 1989; Fenstermacher, 1978; Pajares, 1992;
Thompson, 1984), where teachers value general perspectives on teaching
and learning.
The third explanation is that it is an intuitive, in-the-moment response
to what they observed: a random response to the observation. Since this
is a professional setting, I rule out the contribution of this explanation.
The most likely explanation is the first one, that the evaluation is
forward-oriented and related to teachers’ existing mental models of teach-
ing, practice and pedagogy. This I argued, when I presented the results
in Chapter 6 (Section 6.1, p. 134). Given the context—the PD session
precedes a lesson in which teachers are going to try out the ideas—they
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are making assessments about whether the suggested approach will work
for them. Therefore, forward-orientated judgement and evaluation are the
most likely explanation for the comments.
They were watching the video example in order to plan their lesson and
to identify pedagogical approaches they could use in the lesson. My analysis
of the discussion the teachers had about the video supports this assump-
tion: there were examples of expectancy-based functional evaluations. For
example Nigel’s negative evaluation of the use of discussion without teacher
direction, Phil’s positive evaluation of the use of small whiteboards, Tony’s
positive evaluation of the use of questioning and Jane’s observation of the
lesson structure. Each can be considered to be saying either “I could do
this” or “I couldn’t do this.”
The process the teachers were engaged in was to observe an example
lesson, in a video, with the expectation that they would implement the
suggested approach in a lesson, as part of the into-the-classroom phase of
the PD. They would try out the approach they observed, adapting it to
their preferred style. There is a further expectation that they would use
the approach in their day-to-day teaching.
I do not rule out the roˆle of teachers’ more general preferences or ‘be-
liefs’. Indeed, preferences and values are likely to come into play. However,
the complexity of teaching requires that teachers think very carefully about
how they make changes to what they are doing. I discussed, at length, why
teacher-centred teaching tends to be prevalent in Chapter 3. Teachers de-
velop routines that are they find to be effective (Cuban, 1993; Leinhardt,
1988; Stigler and Hiebert, 1999). Teaching is based on “. . . a highly effi-
cient collection of heuristics that exist for the solution of specific problems
in teaching” (Leinhardt, 1988, p. 146).
The discussion between the teachers, having watched the video exam-
ple of the lesson based on the approach used in the PD, gives a visible
presentation of observational learning. This (as I explained in Chapter 3)
involves observing others’ behaviours, modifying and retaining what was
observed and using the mental model to guide future behaviour. As Ban-
dura explained it:
[F]rom observing others[,] one forms an idea of how new behav-
iors are performed, and on later occasions this coded informa-
tion serves as a guide for action (Bandura, 1977, p. 22).
It is a multiprocess phenomenon, consisting of four sub-processes: atten-
tion, retention, production and motivation (Bandura, 1986, p. 52). These
are illustrated in Figure 8.1.
Individuals do not learn through observation unless they “. . . attend to
and perceive accurately, the significant features of the modelled behavior”
(Bandura, 1977, p. 24), i.e. attentional processes. Retentional processes
concern the conversion of observations to mental models and symbolic rep-
resentations. The production process involves the conversion of the sym-
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Figure 8.1: Observational learning sub-processes.
bolic codification of observed behaviours into action and finally the motiva-
tion processes address how, out of the numerous behaviours observed and
symbolically retained, certain behaviours are constructed and enacted.
What teachers discussed about the pedagogic elements they observed
was a manifestation of the attentional processes of observational learning.
The attentional processes of observational learning are dependent on the
characteristics of the modelled events (the behaviour that is being observed)
and on observer attributes (Bandura, 1986).
The observer attributes in attentional processes of observational learn-
ing are: perceptual capabilities, perceptual set, cognitive capabilities, arousal
level and acquired preferences (Bandura, 1986, p. 52). The observer, in
order to observe behaviours, must therefore have the appropriate cognitive
and sensory powers in order to observe behaviours (perceptual capabilities)
at the same time predispositions must not place the observed behaviour
outside of sensory perception (perceptual set). At a cognitive level, the
observer must have the appropriate capabilities and at an affective level,
they must have appropriate levels of arousal.
In this context, I concluded that the teachers all demonstrate the re-
quired characteristics in order to effectively attend to the modelled be-
haviour. I therefore focussed on the model attributes.
There are six attributes relating to the modelled event: salience, af-
fective valency, complexity, prevalence, accessibility and functional value
(Bandura, 1986, p. 52). The observed behaviour has certain noticeable
aspects that must stand out (salience) or have some form of emotional
significance (affective valency). Observed behaviours must also have the
appropriate degree of complexity—complex enough to be interesting and
have value, but not too complex as to be inaccessible. The idea of preva-
lence suggests that that observed behaviour has some degree of authority.
Finally, the observed behaviour must appear to have use: it must have
functional value (Bandura, 1977, 1986). I consider each of these in turn.
Salience This is an aspect of the modelled behaviour that is prominent.
The things that teachers noticed: allowing students time to discuss an
open-ended problem; the lesson structure; the use of the resources and the
use of questioning to elicit and promote reasoning were all therefore salient.
What made them salient is difficult to establish. However, looking at the
other model attributes gives some indication.
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Affective valency Nigel’s concern about divergent discussion was visible
through the discussion and this suggested he had strong feelings about this.
It is probable that issue has affective valency for him. He might have had
a stressful experience where students did not know what to do in a lesson
and he felt a loss of control.
Complexity The modelled behaviour must not be too complex to be
inaccessible to the observer. Here teachers are noticing elements of a com-
plex set of behaviours, a lesson to support students in developing problem-
solving skills. Teachers notice elements as evidenced by their discussion.
This indicates they broke down the ‘complex whole’ into components thus
reducing the complexity.
Prevalence This relates to the authority of the modelled behaviour. It
is related to the effectiveness characteristic of PD leadership identified in
Chapter 2. It is a global characteristic of the materials, and the context that
they are implemented, that they have authority and therefore prevalence.
Accessibility Given the design of the materials and the context of their
implementation, this was a further global characteristic of the modelled
behaviour. In the discussion between the teachers I observed the model
was evidently accessible. Although it cannot always be assumed and needs
to be considered by designers and developers.
Functional value This was one of the most important attributes of the
modelled behaviour. One in which I discussed at length earlier. The PD
materials offer a practical model for teachers to implement in their class-
rooms. The materials were designed to have functional value.
This analysis is summarised in Table 8.2. It shows each of the four
aspects noticed by teachers in the PD. Each of these had a specific model
attribute: affective valency or functional value. All aspects noticed were
assumed to have an aspect of salience, complexity, prevalence and accessi-
bility.
This theoretical analysis of the results supports the assumption that
teachers were watching the video and considering what they observed from
a functional perspective.
Observational learning provides a means by which mathematics teach-
ers’ professional learning can be explained. This analysis of a relatively
brief discussion between teachers about an example lesson, showing the
suggested ideas, provides a window into how teachers use the materials
more generally, as a source of ideas and models that they can use in their
classroom.
The key conclusion is that, what teachers observe, what they notice and
attend to, is related to what aspects they consider they will or will not have
success with. This is related to the attentional processes of observational
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Table 8.2: Aspects of the PD attended to and their observational learning
model attributes.
Aspect of modelled behaviour Model Global model
noticed in the video example attributes attributes
1. Allowing students time to discuss Affective
an open-ended problem valency
2. The lesson structure Functional Salience,
value complexity,
3. The use of the resources Functional prevalence, &
value accessibility
4. The use of questioning to elicit Functional
and promote reasoning value
learning and provides an explanation of what teachers might attend to and
notice. It is necessary, to consider the other aspects of the observational
learning processes retention, production and motivation (see Figure 8.1,
p. 189). However, in this study I do not look at retention processes, but
the production and motivational processes. What aspects of the models
do teachers use in lessons and what are their motivations for this? This I
discuss in the next section.
How teachers implemented the ideas suggested in the
PD in lessons.
In this section, I discuss the results presented in Chapter 6 (Section 6.2, p.
140). This was an explanatory case study of three teachers and how they
implemented the ideas suggested in the preceding PD session. This also
follows on from the analysis in the previous section, where I looked at what
teachers attended to and noticed in the PD. The explanation was based
on the sub-processes of observational learning, in particular the attentional
processes. This showed a link, in this context, between noticing and what
teachers attended to, with expectancy evaluations and an evaluation of the
functional value of aspects of the modelled lesson. In other words, they
observed a lesson (as a video) with a thought to how it would work for
them.
In this section, I look at how the observed models translate into the
classroom. For these case studies the teachers were: Imran (Barrington),
David (Boxton) and Cath (Norman Fletcher).
Imran and David had been teachers for eight years. Cath was a new
teacher. Imran and David drew on their experience in planning and imple-
menting the lesson and made adaptations. While Cath implemented the
suggested lesson plan included in the PD materials. It was evident that
teaching and classroom experience influenced the way in which the teachers
used the PD.
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This is consistent with my analysis of the discussion between teachers
in the PD session in the previous section. Teachers’ assessment of what
they observed was drawn from classroom experience and their sophisticated
mental models of what they thought worked, or indeed, did not work.
They were observing the lesson and saying something along the lines of,
“that would work for me”, “that wouldn’t”, or “I think I could do this”.
These were attentional processes based on functional value, expectancy and
functional potential.
This part of the study extended this further, I considered how teachers
implemented the ideas taking a model and then producing action. The
‘model’ represents the ideas suggested in the PD, in handouts, in lesson
plans and in the video examples of the lessons. Teachers attend to aspects
of the model using attentional processes (Bandura, 1986, p. 52). Those
models are retained as codified, symbolic mental models (retentional pro-
cesses). Teachers then act using the models to guide their actions and be-
haviour (production processes), the selection and implementation of mental
models is based on motivational processes (Bandura, 1986, p. 52).
In the analysis of Imran, David and Cath’s actions, in the observed
lessons, I was concerned with the motivational processes : why had they
implemented the suggested approach in the way they did? What were
their motivations in relation to the observed model and implementing it in
the into-the-classroom lesson?
Imran made most adaptations to the observed model. He had used
the lesson structure—taking the ideas from the lesson plan—and planned
a lesson for his year 11 set 1 class. This lesson included two cycles of
the suggested plan in a single lesson, each with a distinct problem. He
explained that he did this because the problems were too straightforward
for his high-attaining class. He said that when he planned the lesson, that
he thought the class would get to the answer too quickly and so he thought
he would use two problems with the class and use the lesson plan as the
basis for the structure of each part of the lesson.
The result of Imran’s decision was that the lesson did not give students
chance to grapple with a challenging problem. The two problems were of
insufficient demand so they became more straightforward and more routine.
As a result, the lesson became more traditional and teacher-centred. The
difference was that Imran had not started the lesson with an explanation
or demonstration of a method. It was a traditional teacher-centred lesson
but without an initial teacher exposition on methods to use.
Why did Imran chose to adapt the ideas in this way? Was it a genuinely
practical solution to implementing the model, with the tasks available and
with a high-attaining group? Or did he not feel confident in allowing stu-
dents the chance to work on, discuss and collaborate on a non-routine
problem? The answer is most likely a combination of the two.
However, scratching at the surface revealed more, and indeed, evidence
that Imran preferred to keep the lesson more teacher-centred. He spoke of
his own confidence in the approach suggested in the PD and how he did not
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feel confident in it, but said he was willing to try things. This was also sup-
ported by the observations made by the head of mathematics at Barrington
who explained Imran’s strong preference for traditional teaching. It is my
conclusion that Imran adapted the lesson to make it less student-centred
and more teacher-centred.
The explanation for what I observed in Imran’s into-the-classroom les-
son is also supported by previous research into the implementation of
reform-oriented ideas. Cuban (2009), in a development of his previous
historical analysis of pedagogy (Cuban, 1993), identified a condition of
teacher-centred progressivism. This hybrid pedagogy is principally teacher-
centred but with features of student-centred teaching, for example, the class
might be organised for group-work but the lesson might have a teacher-
centred orientation i.e. the teacher demonstrates a method or idea and
then students practice using largely routine questions.
Cuban (1993) argued that teacher-centred progressivism was a feature
of contemporary classrooms in the US. He explained that the demands of
teaching (I discussed this in Chapter 3) in state-funded secondary schools
resulted in the use of teacher-centred practices because of their historical
reliability and they afforded the teacher an economy of effort. The pressure
of reform resulted in, according to Cuban (1993), the adoption of the surface
features of reform.
Cohen’s classic single case study of Mrs Oublier illustrates the phe-
nomena of teacher-centred progressivism. Mrs Oublier claimed to have
transformed her teaching as a result of participating in reform-oriented
PD. What Cohen (1990) observed was limited substantive student-centred
teaching. Mrs Oublier had adopted an approach similar to Cuban’s teacher-
centred progressivist approach, which was traditional but had some surface
student-centred aspects.
What I observed in Imran’s lesson was an example of teacher-centred
progressivism. I can go further by positing a theoretical explanation for
this phenomenon. From a social learning theory perspective self-efficacy
beliefs influence the choice of behaviour and as a consequence influence the
way in which models are interpreted and enacted (Bandura, 1997, p. 160).
According to Bandura, “self-efficacy refers to beliefs in one’s capabilities
to organise and execute the courses of action required to produce given
attainments” (Bandura, 1997, p. 3). Imran’s inefficacy influenced the
way in which he reproduced the observed models and adapted them to a
form that he was more comfortable with. This is consistent with research
that has suggested that efficacious teachers are more likely to innovate
and experiment (Berman and McLaughlin, 1978; Guskey, 1988; Stein and
Wang, 1988).
I am mindful that—as I was when I presented the results in Section
6.2 (p. 140)—my interpretation of Imran’s teaching might be considered
disparaging. However, I consider Imran’s case to be important and signifi-
cant in understanding how reform-oriented professional learning does and
does not work. Previous research (Berman and McLaughlin, 1978; Cohen,
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1990; Cuban, 2009; Guskey, 1988; Stein and Wang, 1988) suggests that
for many teachers the characteristic that acts a barrier to implementing a
wider range of teaching approaches is one of self-efficacy in the suggested
approach. More so than teachers’ more general perspectives, orientations
or ‘beliefs’ about teaching: it is their belief in their ability to successfully
implement the models suggested that is more the important characteris-
tic. Imran, I believe, is representative of many teachers’ struggles in this
respect. This single case is highly valuable in illuminating theory as well
as in considering what might be done to improve the effectiveness of PD.
Abrami et al. (2004), which I discussed in Chapter 3, studied the im-
plementation of cooperative learning in primary and secondary schools in
Canada. They investigated teachers’ motivation to implement coopera-
tive learning (n = 754). The model for motivation for implementation
was based on three components: (1) how highly s/he values the strategy;
(2) how successful s/he expects to be; and (3) how high s/he perceives
the costs of implementation to be (p. 203). Their data used teacher self-
reports and relied on the openness of respondents. However, they found
that expectancy, i.e. how successful teachers’ believed they would be in im-
plementing the approach was the most important motivational component.
Their composite model derived from regression analysis was as follows and
shows the relative importance of expectancy.
(0.44× expectancy) + (0.04× value)− (0.01× cost)
= use of cooperative learning
Abrami et al. (2004, p. 211)
While Abrami et al. (2004) provided strong evidence that implementa-
tion is related to expectancy motivation and supports the importance of
teaching self-efficacy in relation to the reform, they do not account for the
way in which teachers adapt and alter the proposed approaches. This sup-
ports the importance of using a multi-component conceptualisation such as
social learning theory, with observational learning, concerned with modelled
behaviour, adaptation of the models and implementation, and self-efficacy,
reflecting individual beliefs about capability.
David provided an important contrasting case. He was more efficacious
in the suggested approach and was willing to implement the ideas in the
into-the-classroom phase. There were no major adaptations, he used the
structure and ideas proposed in the preceding PD session. However, there
were subtle, but no less important implementations that David included.
These were entirely consistent with the discussion above.
David focussed on developing the organisation of group-work and this,
as I commented in the results chapter, seemed to be a greater priority than
developing problem solving itself. Although, problem solving, in David’s
lesson, was not entirely neglected. However, David had taken part of the
overall approach suggested in the PD and focussed on something that
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he found manageable and relatively ‘easy’. David, I would argue was a
more efficacious teacher than Imran, yet he seemed to want to supple-
ment a traditional teacher-centred approach rather than engage fully with
student-centred approaches. While David was observably more comfort-
able than Imran with a student-centred approach in the lessons observed,
he did repeatedly express concerns about fitting problem solving into to
the curriculum where attention has to be paid to preparing students for
examinations. Overall, I suggest similarities between Imran and David in
a propensity to ‘tone-down’ reform and implement a teacher-centred pro-
gressivist approach.
Cath’s approach contrasted with the way in which David and Im-
ran adopted practices from the PD. Cath appeared to take the suggested
student-centred problem-solving approach as a ‘whole package’. Although
she found student behaviour more challenging with the class observed, she
appeared more willing to embrace the whole approach. This was a result
of her relative inexperience. Cath, since she was new to teaching, did not
have an established practice or approach and as a result she appeared less
concerned with trying to find a way of fitting in the suggested approaches
with her existing approach.
In sum, teachers made adaptations to the suggested approach based
on their teaching self-efficacy. They made judgements about the extent
to which they would be successful with the suggested approach in their
classroom. That judgement was based on their teaching experience. New
teachers would be more likely to implement the suggested approaches with-
out adaptation since they do not have previous experiences to judge what
will or will not be effective.
This can be explained further by considering the observational learning
sub-processes, the motivation and production sub-processes (see Figure 8.1,
p. 189). Teachers act using mental models, acquired through observational
learning, to guide their actions and behaviour (production processes), the
selection and implementation of mental models is based on motivational
processes (Bandura, 1986, p. 52).
This analysis was concerned with implementing the ideas in an into-the-
classroom lesson. In the next section, I consider the impact of the PD more
generally, by looking at the changes in teachers’ practices and self-efficacy
beliefs.
8.2 Changes and effects
In this section, I discuss the results presented in Chapter 7 relating to the
mixed-methods analysis of changes in teachers’ beliefs and practices. I also
consider what teachers found more or less difficult to implement and how
practices changed.
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8.2.1 Changes in teaching self-efficacy
For all teachers, who were involved in the PD in the three schools and that
completed two PD modules (n = 18), teachers’ self-efficacy changed in one
factor of the standard teaching self-efficacy instrument. The factor that
changed was efficacy for instructional practices. This was with a small to
medium effect size. Teachers’ teaching problem solving self-efficacy also
increased significantly with a medium to large effect size.
Since there was no control group or no random assignment of the profes-
sional development, it was not possible to attribute an effect and causality
to the PD through this quantitative analysis alone. Furthermore, while
the standard teaching efficacy instrument (Tschannen-Moran and Wool-
folk Hoy, 2001) had been subject to validation tests in previous studies,
the self-efficacy for teaching problem-solving questionnaire had been devel-
oped for this study. Although, this proved to be highly sensitive—judging
by the effect size. However, it requires further validation with larger sam-
ples to ensure the validity of the underlying factor or factors that are being
measured. Overall, the qualitative analysis of teachers’ self-efficacy changes
support the claim that the PD had an impact on teachers’ self-efficacy and,
indeed, their self-efficacy in teaching the approach suggested in the PD.
My interpretation of this combined result is that teachers became more
confident in teaching using the approaches suggested in the PD. In spite of
the limitations described in the previous paragraph, this result has plausi-
bility based on an elementary consideration of the situation: teachers had
been exposed to alternative models and structures for lessons and alterna-
tive pedagogical approaches. They had opportunity to think about and try
the ideas out and, in general, teachers, although concerned about student
behaviour, were supportive of the approach.
A development in confidence as a result of taking part in PD is not
a particularly ground-breaking result. However, this analysis goes beyond
simply revealing that teachers developed more confidence. It shows that
teachers became more self-efficacious in the suggested approach. In Chap-
ter 3, I drew on the distinction made by Bandura, between confidence and
self-efficacy. Confidence refers to the strength of a self-referent belief; in
contrast, self-efficacy is a forward-oriented self-referent belief in a particular
activity or in complex structure of related tasks and activities. According
to Bandura (1997), a self-efficacy assessment, “. . . includes both an affir-
mation of capability level and the strength of that belief” (p. 382).
Self-efficacy is a more precise theoretical term than ‘confidence’. More
importantly studies by Bandura (1997) have shown that self-efficacy not
only reflects affective aspects, such as confidence and motivation, but also
underlying knowledge and skill. In the results in Chapter 7, teachers char-
acterized their dispositional relationship with the PD as in being in terms
of ‘confidence’, since this was a forward-oriented and self-referent assess-
ment about their beliefs in their ability to implement the ideas suggested
in the PD, what they refer to as confidence is an assessment of self-efficacy.
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This was reflected in the comments of two of the heads of departments.
Two of three heads of departments explained the effects of the PD
in terms of developing teachers’ confidence in the approach suggested in
the PD. While teachers did not characterize their learning in terms of self-
efficacy, they highlighted the need for confidence in the suggested approach.
Although they did not refer to changes in their confidence or self-efficacy,
they did not describe their learning in terms of any particular cognitive or
affective component. This is because I did not ask teachers directly about
changes in their thinking except in terms of the changes in their perspectives
about teaching and learning mathematics. This was a conscious decision
not to compel teachers to categorise their own professional learning, rather
to explore explanations through the research.
So, I concede that the characterization of professional learning, from
the perspective of heads of departments and teachers, was in terms of
developing self-efficacy in the suggested approach, but rather weakly so.
On the other hand, no participant provided a prominent or detailed ac-
count of their professional learning. So although there was a ‘language of
self-efficacy’ used by heads of departments and teachers, it was, as I have
suggested the only way in which teacher learning processes were character-
ized by participants. I therefore argue it supports my thesis of a change in
self-efficacy that is attributable to the PD.
My conclusion then: based on teachers’ responses relating to having
the confidence to teach using the suggested approach; taking account of
the two of three heads of departments’ observations: and the results of the
questionnaire—that the changes in self-efficacy were attributable to the
PD—teachers overall, became more confident in, knowledgeable about and
skilful in using the student-centred problem-solving approach modelled in
the PD as a result of participating in the PD.
My main consideration here, as it has been though this discussion chap-
ter, is the processes rather than effects. I therefore consider how efficacy
may have developed from a theoretical perspective and in so doing account
for observations I made about individual teachers.
In Chapter 3 (Section 3.2.3, p. 43), I considered the sources of self-
efficacy. The four sources of self-efficacy are enactive mastery experi-
ence, vicarious experience, verbal persuasion and physiological and affective
states. Bandura (1997) proposed that the main source of efficacy beliefs is
through mastery experiences. Efficacy can also be developed vicariously, by
observing others. Seeing a colleague or someone we relate to demonstrate
success in an activity can contribute to our self-efficacy in that activity.
Verbal persuasion is a weaker source of self-efficacy, this is where individ-
uals can be persuaded that they will be successful. Finally, physiological
and affective states influence efficacy, if a person is suffering from ill-health,
stress or fatigue, for example, their self-efficacy can be undermined.
All of these can be used to explain the growth in self-efficacy in teaching
problem solving. Teachers had opportunity to develop self-efficacy in the
into-the-classroom lesson. Although, in some cases these experiences were
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not positive and did not necessarily provide enactive mastery experience. I
refer to, for example, Pete and John at Norman Fletcher (see Section 7.1,
p. 158), where their perceived experience of student behaviour resulted in
them having negative experiences in observed lessons. On the hand, Barry
(Barrington) and Adrian (Boxton) had positive experiences in the into-the-
classroom lessons and this could have contributed to developing efficacy in
the approach. Of the other teachers, the experiences of trying to teach
problem-solving lessons were reasonably positive and therefore I assume
that is the reason why teachers, overall, had a positive change in self-efficacy
over the course of the project. It is reasonable that experience of teaching
the suggested approach is going to contribute to increased confidence in
that approach. Except, of course, where the experience teachers had was
negative.
There was also opportunity to develop self-efficacy in teaching problem
solving vicariously. The video examples of the approach that were used in
the PD sessions could have contributed to teachers’ self-efficacy. Imran, for
example, attributed some of his confidence to watching the video examples.
Verbal persuasion was also likely to have been important; those who
led the PD and department colleagues were generally encouraging and sup-
portive of each other in PD sessions. This would have offered a source of
self-efficacy in order that teachers had the confidence to try the ideas out,
in the first instance at least.
It was not possible to determine the relative weights of the different
sources of efficacy. However, Tschannen-Moran and McMaster (2009), in
their study of elementary teachers participating in PD in the US, exam-
ined the relative strengths of sources of self-efficacy in PD. They found that
an “authentic task-specific mastery experience” and “individualized verbal
persuasion” (Tschannen-Moran and McMaster, 2009, p. 242) were impor-
tant in raising efficacy to support the implementation of a new approach.
This study suggests that the strongest source of efficacy was through mas-
tery experience, as a result of the into-the-classroom phase of the PD.
From this, I concluded that the professional development had an impact
on teachers’ self-efficacy in the approaches suggested. This, as I proposed
in Chapter 3, is an important component in the mechanism of change in
PD. I argued, from the analysis of prior research and from social learning
theory that if professional development is to instigate and sustain change
in practice, then the PD must provide the means by which teachers can
observe models of alternative approaches and that they must have self-
efficacy in the suggested pedagogical models. Professional development
must provide the means to develop self-efficacy.
In the next section, I look at, and explain, how teachers’ practices
changed. However, first I want review the discussion and argument pre-
sented so far in this chapter. Thus far, I have shown how the PD was
used and implemented and how teachers engaged with and implemented
the ideas in their classrooms. In this section, I have shown and explained
the effects of the PD on teachers’ self-efficacy. In terms of the overall
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argument—earlier in this chapter, I considered how departments used the
PD materials and how accountability and a lack of integration into school-
level development and improvement plans had an impact on the quality
with which the PD was implemented. I then considered how teachers’ used
the materials, how observational learning could be used to explain what
aspects of the modelled approach teachers noticed and from this, the way
in which they adapted or developed the suggested model dependent on
their experience and self-efficacy in the suggested approach. Having looked
at the way in which modelling and observational learning accounted for
the professional learning process, in this section I considered how the PD
impacted on teachers’ self-efficacy in teaching the model presented in the
PD.
Overall, while the accountability culture and lack of school level inte-
gration had an impact on sustaining the quality of the implementation of
the PD, teachers were able to try out the suggested approach as part of
the PD and this was the most likely source in developing teachers’ self-
efficacy in teaching that approach. Although, teachers were likely to adapt
the observed model to a form resemblant of traditional teacher-centred
approaches. Yet, teachers developed self-efficacy in the teaching of prob-
lem solving. In other words, they were more confident in pedagogies that
fostered the development of students’ problem-solving skills. Of course,
there were exceptions but this is an overall assessment based on the eight
observed teachers and the survey study.
My final consideration, in the next section, is how this translated to
practice: what was the effect on teachers’ practices; how can the effects
be understood from the perspective of professional learning and how can
they be theorised? And, how do these results relate and contribute to the
conclusions proffered so far?
Before moving on to this, I want to consider another aspect of teachers’
perspectives and that is teachers’ beliefs. The following discussion is im-
portant since I am addressing the possibility of an alternative explanation
for the effects of the PD on teacher thinking. So far, I have concluded that
the effect of the PD was to develop teacher self-efficacy in the suggested
approach, I want to consider teacher beliefs as an alternative or complemen-
tary explanation. This is also an assessment of underlying theory within
the PD design. That teachers’ beliefs about teaching and learning mathe-
matics would be influenced through a successful engagement with the PD.
Changes in teachers’ beliefs
None of the teachers described changes in their beliefs and this was also
supported by heads of departments. In other words, teachers’ beliefs about
teaching and learning mathematics did not change. They did not, as was
hypothesised by the designer (see Swan, 2006a), experience a change in
beliefs: from, for example, beliefs aligned with traditional teacher-centred
teaching to more student-centred beliefs. In my research all teachers, at the
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beginning of the project, were appreciative of the student-centred problem-
solving approach suggested in the PD. No one expressed fundamental be-
liefs that the approach was not valid, not appropriate or not effective. They
were asked directly how their perspectives had changed as a result of tak-
ing part in the PD and no teacher professed to have experienced a change
‘belief’. It is important to explain this since there is a body of research for
which teacher beliefs have been at the heart of the theorisation of profes-
sional development.
In this research, the emphasis was not on teacher beliefs and, as a
result, teachers were not likely to have felt confronted or challenged about
the way they taught generally. I did not assume that the way teachers
taught was entirely explicable in terms of their beliefs about teaching and
learning. Therefore, their explanations for their approach to teaching were
richer and in terms of the practical challenges of classroom management,
behaviour management and student engagement, rather than driven by
an underlying orientation, perspective or belief. I am not entirely ruling
out the effects of teacher beliefs, but there were more practical, social and
contextual factors that teachers explained influenced the way they taught.
This was the observation of Ernest (1989) in his theoretical analysis and
by Thompson (1984) empirically. Much subsequent research into teacher
beliefs has also highlighted the mediating and moderating function of the
social and contextual setting between beliefs and practice.
I suggest that if I had formulated this research with teacher beliefs as
a focus, then it would have precipitated or compelled teachers to express a
particular belief. The approach I have taken has allowed me to go deeper
into the underlying professional perspective of individual teachers.
To exemplify this, one teacher, Pete, did become more negative about
the suggested approaches. From this, I could have concluded that his beliefs
had become more teacher-centred or traditional. This apparent change in
belief was a result of the difficult experiences he had with some students
in the lessons I observed. He therefore espoused increasing reluctance in
using a more student-centred approach as suggested in the PD—his self-
efficacy in the suggested approach had declined. His espoused reluctance
could have been interpreted as a belief—a resistance. However, from social
learning theory, we get a more detailed account of resistance: resistance in
terms of affect, such as confidence and motivation. Moreover, this approach
offers a theoretically informed means by which teachers like Pete might be
supported.
I move on to changes in teachers’ practices in the next section and make
connections between changes in practice, teacher self-efficacy and in the way
departments and teachers implemented the professional development.
8.2.2 Changes in teachers’ practices
From the analysis of teachers who attended the PD in the three schools that
completed the two PD modules (n = 18), self-reports of practice showed
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that their teaching had become significantly more student-centred with a
small to medium effect size.
This relied on teachers’ self-reports, and like the self-efficacy study,
there was no control group or random assignment of PD. On their own
these results are not sufficient to support the view that the changes were a
result of the PD. I therefore considered the analysis of the qualitative data
from interviews with teachers, PD leaders and heads of departments. I also
considered the observed lessons of the three case study teachers: Imran,
David and Cath. Overall, and based on this evidence, teaching had become
more student-centred.
Of the case study teachers, Barry and Imran from Barrington, Adrian,
David and Christine from Barrington, all indicated that their teaching had
changed as a result of taking part in the PD. The Barrington teachers
suggested that overall they were allowing students more time to struggle
with a problem. At Boxton, teachers suggested that they were more ef-
fective in organising group-work. The head of department at Barrington
suggested that the school leadership team had reported differences in teach-
ing approaches when the department was observed. At Boxton, the head
of department claimed that there was more collaborative student work in
the department. At Norman Fletcher, because the head of department did
not have access to lessons, they could make no claims about changes in
practice.
What I concentrate on in this discussion is the nature and extent of the
change in practice.
Based on the analysis of how teachers implemented the suggested ap-
proaches in the into-the-classroom lesson. It is likely that this small shift
toward student-centred teaching resulted in teacher-centred progressivist
approaches (Cuban, 2009). This is a hybrid pedagogy, principally teacher-
centred, but with features of student-centred teaching, for example, the
class might be organised for group-work but the lesson might have a teacher-
centred orientation i.e. the teacher demonstrates a method or idea and then
students practice using largely routine questions. This I discussed earlier
in the chapter in relation to how Imran implemented the ideas in the PD.
Barry and Imran claimed that in their teaching they were giving stu-
dents more time before intervening, giving them longer to struggle on prob-
lems. This is consistent with the overall principles of the PD. Although
both teachers described effects in similar ways, the way in which these per-
ceived changes were enacted were very different. It is this difference that I
use here to explore the nature and extent of changes in teachers’ practices
as a result of participating in the PD.
I begin with the influence of the overall philosophy of the PD on Barry’s
teaching. In his teaching, it was evident that he had aspired to teach in
ways suggested by the PD, at least in the high-attaining class I observed.
It was also evident that Barry, of all the teachers I observed, was the most
efficacious in the approaches suggested in the PD. Although he appeared
to be the teacher most oriented to teaching in a student-centred way, he
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acknowledged that he generally taught in a more traditional way. He sug-
gested he included some aspects of problem solving into his teaching prior
to the PD, but not to the extent that students had opportunity to un-
dertake extended and collaborative problem-solving tasks. This was also
limited to higher attaining classes, where the group already demonstrated a
disposition toward more open-ended tasks. He characterized this as follows:
I was brought up . . .What’s the word? My teaching practice
was mostly when it was starter, main, plenary. That is pretty
much how I teach [. . . ] The exercise will be, depending on the
group, not like the typical exercise where you sit there and do
hundreds of them. I wouldn’t dream of doing that, but two
or three really straightforward problems then something a bit
more wordy. Wordy particularly, or having more of a problem-
solving aspect to it—more straightforward.
[With lower attaining groups] I feel like it would be a bit more
teacher intensive, and I don’t know, I am trying to defend myself
a bit here. You know what I am saying [. . . ] particularly with
a group where the behaviour can be more challenging. One of
the things you are often wanting to do is get them quiet and
get them working, isn’t it? And the easiest way of doing that
is to give them a load of examples that they can do, isn’t it?
I think most teachers would admit to that (Barry, Barrington,
interview post-lesson 4 observation).
Barry was an extreme case, by that I mean that of the eight teachers
I observed, he was most enthusiastic about the PD. I considered him, as
a result of his context and personal characteristics, to be somewhat of
an outlier amongst the other teachers I had observed regularly. And yet,
Barry described the change in his teaching overall in modest terms, and very
much dependant on the character of the group he was teaching. With lower
attaining groups he was more circumspect about giving students extended
opportunity to work on open-ended problems. Behaviour and classroom
management became more important, this then dictated the choice of task
and activity and the pattern and structure of the teaching.
In giving students more time to work on and think about problems,
and not intervene so soon, he was referring to the high-attaining year 11
group with whom I observed him teach. Teaching was more traditional and
teacher-centred with his other groups. He was, though, attempting to em-
brace, engage with, and implement the ideas and fundamental philosophy
of the PD.
So, if Barry was the teacher who had greatest proclivity and personal
confidence in the approach and his overall change in practice was relatively
modest, what of the teachers who were less confident in the approach?
What of the teachers who felt more comfortable with a traditional format?
Imran provides a valuable contrast in this respect. He was at the same
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school as Barry and taught a similar high-attaining year 11 group. He
was, in contrast, more traditional in his approach and less confident in
implementing the ideas suggested in the PD (which I highlighted in the
Chapter 6 and earlier in this chapter. At the same time he characterized
the effect of the PD on his teaching in a very similar way to Barry—as not
intervening too soon and allowing students to struggle more
As I have shown in the case study of Imran’s implementation of the ideas
suggested in the PD (see Chapter 6), what Imran had done was to transform
the ideas suggested in the PD into a form and lesson structure which limited
opportunity for students to work on open-ended tasks for extended periods.
Hence, I characterized Imran’s lesson as traditional, in that there were
relatively routine problems to solve, but the lesson differed from a more
orthodox traditional teacher-centred lesson in that he did not explain or
demonstrate methods at the beginning. What was happening then was
that the Imran would give out questions that were routine but then make
the expectation that they would recall the appropriate method to solve the
problem. He did not provide activities and tasks that required students
to choose or develop their own methods. I concluded that he wanted to
avoid this situation as it might lead to difficulties in the management of
the classroom and student behaviour. And by his own volition, he did not
feel confident in doing this.
These observations were in lessons that were specifically reserved for
observation and the experimentation with teaching problem solving and the
ideas suggested in the PD. Therefore, I think it unlikely that, in the case
of Imran, teaching in his usual day-to-day lessons changed fundamentally.
By that I mean that it was unlikely that he would be including lessons
or parts of lessons dedicated to developing problem-solving skills. This is
not say that he may have introduced more open-ended questioning, more
group-work and other student-centred aspects of the approach suggested in
the PD. This would certainly be consistent with the results of the pre- and
post questionnaire on practices. What is unlikely is that he was doing more
lessons that gave students chance to work on problems over an extended
period.
In spite of this, taking both the quantitative and qualitative analysis,
teaching overall had changed: it had become more student-centred. I char-
acterize the type of changes as similar to Cuban’s (2009) idea of teacher-
centred progressivism. Teaching remains predominantly teacher-centred
with some features of a student-centred approach.
However, I think it is unlikely that a teacher-centred progressivist ap-
proach provides sufficient opportunity for students to develop problem-
solving skills. The fundamental requirement is having the time and op-
portunity to work on a complex problem, that is unfamiliar, and does not
necessarily have a unique solution, or the method to use may not be ob-
vious. Indeed, this has been recognised recently. For example, a report
for the US Education Department argued the need to develop students’
“grit, tenacity and perseverance” in developing effective problem-solving
203
Chapter 8: Discussion
(Schechtman, DeBarger, Dornsife, Rosier, and Yarnell, 2013). Its specific
recommendations included:
• Students need to have opportunity to take on long-term and high-
order goals;
• They need a “rigorous and supportive environment in which to help
them accomplish goals and develop psychological resources” (Schecht-
man et al., 2013, p. 77).
This means that there should be a greater proportion of lessons with a
fundamentally different orientation—that should feature a student-centred
problem-solving approach. Teachers in this study appeared to recognise
this too. Yet my conclusion from the analysis of changes in practice was
that teachers found it too difficult to implement the suggested approach
widely. Furthermore, I provide a theoretical justification for this.
One of the teachers articulated the challenges of developing problem
solving more generally. Recalling David’s observation in Chapter 7, he de-
scribed the distance and discontinuity between teacher-centred orthodoxy
and the approach suggested in the PD.
. . . I think it’s a big change as well, in terms of the change in the
kind of culture behind teaching and it’s not something that is
going to happen immediately. I think it is important to try and
get kids to think for themselves, which is kind of the main thrust
of the PD, I suppose. But it is tough really, and especially I
think because when you take one of these lessons there is an
element of risk-taking, because you don’t really know where
the lesson is going to go and how long things take. So, I think I
have been lucky in terms of having the top set, because I think
they are very patient but with a lower-down set the patience
isn’t necessarily there. So for a normal teacher on a normal
teaching day you are faced with, ‘shall I take this risk with this
lower set or should I not?’ The easy way out is just to say, ‘I
will leave it’ (David, interview post-lesson 4 observation).
Both David and Barry recognised fundamental changes are needed to
implement student-centred problem-solving approaches more widely. This
is not the same as incorporating aspects of the suggested approach into
teacher-centred teaching. Which has, in the US, been the chagrin of Cuban
(2009) with the emergence of teachers “hugging the middle”. This charac-
terizes practice which is, at heart, teacher-centred but has some features
that are student-centred.
Before discussing this further, I want to integrate this conclusion with
the discussion I have had in this chapter so far. So, here I have found a small
change in teachers’ practices: that teaching has become modestly more
student-centred overall. It is likely that these changes would be skewed
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toward higher attaining classes and that overall changes could easily be of
a teacher-centred progressivist type. In other words lessons feature student-
centred elements and it is more likely that these will be evident in classes
of high attainers.
In the previous section, I concluded that in most cases teachers had
more self-efficacy in teaching using a student-centred problem-solving ap-
proach, they were more confident in, knowledgeable about and skilled in
the ideas presented in the PD. Yet there is a disparity here with what hap-
pened in practice. Self-efficacy did not result in changes in practice to the
same degree. This I attribute to the context and therefore relates to the
discussion at the beginning of this chapter. First, that the PD was not
integrated into school-development plans and from this I argued that the
teaching approach was not fully coherent with the schools strategic aims.
As a result, the schools offered limited support or resourcing for the PD
implementation. This would explain, at least in part, why the changes in
practice, are relatively modest. Would there have been more school-level
integration, it might have been that instead of teacher-centred progres-
sivist forms being presented, teachers may have devoted further lessons or
extended periods to problem solving more widely.
The idea of the ubiquity of teacher-centred teaching is also an important
consideration here. This I introduced in Chapter 3. The prevalent teach-
ing style involved demonstrating a new method followed by pupil prac-
tice (OfSTED, 2013). From a social learning theory perspective, where
there is no motivation to do otherwise, or that existing behaviours or
practices are ‘working’ then behaviours become routinized and almost au-
tomatic (Bandura, 1997) and that teaching becomes heuristically imple-
mented knowledge (Leinhardt, 1988). This is consistent with a traditional
teacher-centred approach to teaching mathematics with what Cuban (2009)
described as “simple, resilient and efficient solutions” (p. 10-11).
The PD provided models of alternative practice, a student-centred problem-
solving model, and the means by which teachers could develop self-efficacy
in the approach through mastery and vicarious experience and through ver-
bal persuasion. These elements, on their own, are not sufficient to generate
sustained change of the kind required to give all students the chance to
develop problem-solving skills.
Social learning theory can be used to explain this using the concept
of reciprocal triadic determinism. This models the reciprocal relationship
between the individual, their behaviour and their social context. Here,
although individual teachers may have different levels of self-efficacy (in-
cluding knowledge and skill) in a new set of behaviours (practice and peda-
gogy), the social context and the didactic contract limit the extent to which
that change can be sustained. The factors that would, and even should,
overcome the social constraints are the support and resourcing from the
school itself. As I have stressed, in none of the four schools that began the
study, was PD well integrated into the schools’ development plan.
I now briefly consider the final two elements in my analysis of changes
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in teachers’ practices. The first are the results in relation to what teachers’
found more or less difficult to adopt and the second are the results of the
analysis of how teachers changed in the observed lessons. I do this briefly
as these aspects confirm my emerging conclusions so far.
In terms of what teachers found more or less difficult to adopt, these re-
sults were consistent with what I have presented so far, in terms of change.
Teachers found it easier to adopt pedagogic elements; for example, group-
work and giving students more time to think before helping or intervening.
On the other hand teachers found it difficult to give students time to work
on and discuss a more open-ended task for a length of time. This be-
came more of a concern with lower-attaining groups. The biggest concern
teachers had was with managing behaviour.
This is entirely consistent with the discussion of teacher-centred pro-
gressivism previously. Teachers are understandably concerned that a les-
son will be relatively smooth-running, part of which means having students
on-task. Presenting tasks that present more challenge and that are open-
ended is going to cause problems for low-attaining, low-confidence learners
in mathematics. This then encourages teachers to be more conservative
and maintain the status quo or follow the ‘cultural script’ as Stigler and
Hiebert (1999) referred to it.
Finally, in my analysis of the lessons observed through the project,
these results showed that each lesson I observed had multiple and com-
plex context-specific influences, for example, a non-uniform day. While
there was no developmental pattern through the lessons I observed, the
analysis revealed how much time teachers devoted to students working on
open-ended tasks. The more challenging the task, in general, the less time
teachers allowed students to work on the problem. The do not want them
to go ‘off-task’ as a result of not making progress with the problem.
In the final chapter, I summarise the main conclusions and findings, I
describe the limitations of this study and present the implications of this
research.
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Conclusions and implications
In this final chapter, I summarise the main findings of this research and the
limitations. Finally, I present some implications arising from this research.
The effects of context and professional devel-
opment coherence
In the four schools that were initially involved in this research, the context
played an important part in how the PD was used. An external account-
ability culture administered through the evaluation of schools’ examination
results and through school inspections had an impact on how the Bow-
land Professional Development was implemented. Although school leaders
where supportive of the ideas and aims of the professional development, it
was not fully integrated into school-level development in any of the schools.
The implementation in all schools was a department-led initiative. This
had an impact on the extent to which the PD was implemented in the
schools. Two departments began using the materials as they were designed
but their commitment diminished. One department withdrew altogether
after the first module. The other department sustained commitment but
the head of department focussed on half the teachers in the department—
those who were already committed to ideas in the PD.
The overriding conclusion from these four schools was that if the schools
had made the professional development more integrated with school strat-
egy and school development plans, the professional development would have
been implemented in a more sustained way.
Therefore, professional development design needs to take into account
the context and how school leaders might interpret the context, in order
that the professional development is implemented in a sustained way. Pro-
fessional development, in order to be effective needs to be integrated into
school development and evaluation plans.
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How teachers used the PD
Teachers engaged with the ideas presented in the professional development.
The process involved teachers observing elements of suggested pedagogy
and practice related to the overall approach proposed in the PD. In ses-
sions, they observed video examples of lessons and also used lesson plans
detailing the pedagogic elements and structures in the suggested approach.
The engagement process involved teachers identifying aspects of pedagogy
and assessing how effective those aspects might be in their classroom with
different groups of learners.
In the implementation of the ideas in lessons dedicated to trying out the
approach suggested in the PD, teachers used the lesson structures that were
suggested but adapted pedagogic elements. One teacher adapted the lesson
in order that it was consistent with traditional teacher-centred teaching;
reducing the amount time student had to work on open-ended problems
collaboratively. This adaptation was a consequence of having low self-
efficacy in the approach suggested in the PD.
The aspect of the suggested approach that teachers felt least confident
in was allowing students extended periods in which to discuss and col-
laborate on open-ended problems. A teacher more self-efficacious in the
approach suggested in the professional development, spent time organising
the composition of student groups and giving each student a specific role.
This was to improve the management of the time in which students were
free to discuss the problem.
One teacher, at the beginning of their teaching career, made few or no
adaptations in the lessons based on the PD approach. This was because
they did not have experience to draw on to make assessment about what
would or not work.
To explain these results and provide a means with which to generalise
to other cases, I used social learning theory. Fundamental to this is the
prevalence of traditional teacher-centred teaching, which represents an ap-
proach to teaching which is effective in terms of managing and controlling
student behaviour, output and activity. Teacher-centred approaches are
well-rehearsed structures and routines that are sustained through observa-
tional processes through generations of teachers. From a social learning
theory perspective these are routinized behaviours that teachers are self-
efficacious in.
The Bowland PD materials guide teachers to a more student-centred
teaching methodology. From an observational learning viewpoint, teachers
observe examples and implement the aspects that they believe they will be
successful with. If teachers are not self-efficacious in implementing a period
of collaborative group-work, they adapt or modify it to reduce the risk of
it going wrong. Or they may not do it at all. They are likely to adapt the
lesson to be more traditional and teacher-centred because in this form they
have confidence that lesson will be smooth running.
In order to successfully implement new approaches to teaching, for ex-
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ample, reform-oriented or student-centred practices, it is necessary teachers
are offered models of the practice, a means for teachers to engage with the
model and that teachers are sufficiently self-efficacious in the approach to
implement the alternative or incorporate it into their existing practice.
The problem is that if the proposed alternative is considerably different
or teachers are not confident enacting it, then they will adapt it to an
approach that they are comfortable with, taking with it surface features
of the suggested approach. This classic phenomena has been illustrated
elsewhere (Cohen, 1990; Cuban, 2009), but accounted for in this research.
How teachers changed
The professional development had an impact on teachers’ self-efficacy. The
overall effect was that teachers who participated in the professional devel-
opment were more confident in teaching using the suggested approach as a
result of the PD programme. Although, in some cases, teachers’ self-efficacy
in teaching using the suggested approach had not increased, this was at-
tributable to not having a positive experience in the lessons where they
tried out the ideas suggested in the PD. The sources of self-efficacy were
a combination of having successful experience when teachers tried out the
ideas with one of their classes, vicariously from observing video examples
of lessons in the PD sessions and from verbal persuasion from colleagues.
These are the three sources of self-efficacy as proposed by Bandura (1997).
In addition to teachers’ self-efficacy, teachers claimed their practices
had changed. They suggested that their teaching in all lessons had become
more student-centred. The particular aspects that they said that they were
doing more of was to give students more time to work on problems before
they stepped in helped them, including more opportunities for more collab-
orative work and also using more open-ended questioning. However, I con-
clude by accepting there was change but the nature of change was toward a
student-centred progressivist model of teaching (Cuban, 2009). This means
that teaching remains, principally, teacher-centred with some surface fea-
tures of student-centred practice, for example, group-work. My concern—
and this needs further research—is this kind of hybrid practice does not
provide the students the chance to genuinely develop their problem-solving
skills.
While my overall conclusions might appear quite negative in respect to
the professional development under investigation, this study has revealed
it did have an effect. It had an effect on teacher self-efficacy and on teacher
practices. The high quality of the design of the PD combined with this im-
pact evidence means that the PD materials have considerable value. But
what this research has revealed, most of all, is a new way of theorizing
professional learning by using social learning theory and its components:
observational learning, reciprocal determinism and self-efficacy. In this
research, I believe I have pioneered its application in the study of mathe-
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matics teachers’ professional learning. From which I will be doing further
study to refine and develop the theory and the evaluation methodology I
have used here but in different contexts.
Limitations
The effects of context and the issue of coherence that I identified in this
research is a product of the more exploratory aspects of the research. I
have made the claim that the PD would have been implemented more
effectively and in a more sustained way if the professional development
had been integrated into school-level processes. In this research, I did not
consider the perspectives of school leaders, except in one school where they
had withdrawn from the project. I suggest, therefore, that further research
is needed to explore whole-school issues and perspectives in relation to
subject-specific professional development.
The way in which teachers used the PD was based on intensity sam-
pling of case studies within the overall project. The first part of this was
the analysis of a discussion between one group of teachers observing an ex-
ample lesson. The second part involved case studies of three teachers from
different schools. The results then are specific to these cases and contexts.
However, I chose to use an analytic generalisation approach and use the-
ory as the means by which I generalise the findings from these embedded
cases. In order for this to be effective, I considered alternative explana-
tion and rival theory. In my analysis in the results chapters, I discussed
and considered alternative explanations. I also considered rival theory, by
considering an alternative theoretical perspective, that of teachers’ beliefs.
What has to be borne in mind in reading the findings in this conclusion is
the possibility of further alternative explanation or rival theory.
Yet overall, I have attempted a novel approach in this research and as
such I have to concede that by attempting to develop a new approach,
some areas of the research are indeed tentative. This research is, in part
an exploratory and imaginative engagement with theory. My motivation
for this was the lack of theory in the aspect of professional development I
was interested in here. I believe this study has revealed some interesting
directions and areas that I and others could research in the future.
This research did not look at the effects of the PD on student attain-
ment. However, the use of self-efficacy provides some indication of an effect
on student attainment indirectly. Teacher self-efficacy has been linked to
student achievement (Armor, Conroy-Oseguera, Cox, King, McDonnell,
Pascal, Pauly, and Zellman, 1976; Ashton and Webb, 1986; Moore and
Esselman, 1992; Ross, 1992). Although, it was not possible to determine
across the three schools, whether there was an effect on student achieve-
ment, there was some indication of improvement, if one is to take the
changes in teacher self-efficacy as evidence for this. However, this is ten-
tative and further research is needed to assess the extent to which teacher
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self-efficacy correlates with student attainment. There is a growing body of
research that indicates teacher self-efficacy as one of the key teacher vari-
ables that is related to student attainment (for example, Klassen et al.,
2011). This is will be a worthwhile area to explore both quantitatively and
qualitatively in the future.
A final but nonetheless important limitation is the issue of low-attaining
learners. I acknowledge the ability group or ‘set’ that a student is placed
in is closely related to the socio-economic status and background of the
student. I am acutely aware that the consequence of this research design
has been to foreground the needs of high-attainers and so to foreground the
more privileged within state schools. This, rather than being a conscious
act of discrimination, arose from the practical needs of this particular re-
search and the compromises as a result of the interests of the funders. Who,
it has to be said, did not necessarily set out to discriminate against groups
of learners. In order to offer some redress, I am working on a future project
looking into mathematics pedagogy in low-attaining sets.
Implications
This research has highlighted a new approach to understanding mathe-
matics teachers’ professional learning. This is based on social learning
theory. What is most important is that this theoretical approach permits
an integrated and complimentary analysis of individual characteristics and
learning processes with the analysis of social and cultural context.
The design of the PD used a professional learning model based on math-
ematics teachers’ beliefs about the teaching and learning mathematics.
From this perspective, the practices teachers implement in their classrooms
are influenced by their beliefs about effective teaching and learning (Ernest,
1989; Schoenfeld, 2010; Swan, 2006a; Thompson, 1984). Thus, a teacher
who believes that effective learning is supported by transmission or a be-
haviourist theory based learning approach will have a proclivity toward tra-
ditional teacher-centred teaching (Ernest, 1989). Although Ernest (1989)
and Thompson (1984) acknowledged that ‘beliefs’ were likely to be influ-
enced by the social setting. If a teacher believed a constructivist learning
theory approach was the most effective approach to learning mathematics,
this might not be manifest because of social expectations in the school.
This research unveils a more fine-grained theorization of professional
learning. I accept that while teacher beliefs or orientations toward learning
theories might be important, the judgements teachers make about the way
they teach are made at a more pragmatic level. I propose, based on this
research, that social learning theory provides a more effective means of
theorising professional learning, in this context, but I also conjecture that
it is useful beyond these cases and contexts.
Social learning theory (also referred to as social cognitive theory) has
three components: observational learning, reciprocal determinism and self-
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efficacy. Observational learning, from a social learning theory, frames learn-
ing processes as observing model behaviour, the retention of symbolic rep-
resentations of the observed behaviour, the production of behaviour and
action and motivational processes that guide the choice of symbolic models
and therefore behaviour.
Reciprocal determinism is organising meta-theory in social learning the-
ory. It connects the person with their environment and the behaviour in
a reciprocal triadic arrangement. This summarises the link between the
individual cognition and the effects of the social setting.
Self-efficacy is a forward-oriented belief in an individual’s ability to bring
about a level of outcome in a domain. Teaching self-efficacy is the belief a
teacher has in their ability to support students in effective learning.
This research provides a vehicle to demonstrate a social learning theory
analysis. Arising from this I propose the following conditions for effective
professional learning:
• The professional development needs to cohere and align with the
external contextual factors. Importantly professional develop needs
to be integrated into school-level development and evaluation plans.
• The professional development must include models of the suggested
approaches, pedagogy and practices.
• Their needs to be a professional development process for teachers
to engage with the modelled approach.
• Teachers need to be able to develop self-efficacy in the suggested
approach as part of the PD
212
References
Abrami, PC, Poulsen, C, and Chambers, B (2004). Teacher motivation
to implement an educational innovation: Factors differentiating users
and non-users of cooperative learning. Educational Psychology 24(2),
pp. 201–216. doi: 10.1080/0144341032000160146.
Adler, J, Ball, DL, Krainer, K, Lin, FL, and Novotna, J (2005). Reflections
on an emerging field: Researching mathematics teacher education. Ed-
ucational Studies in Mathematics 60(3), pp. 359–381. doi: 10.1007
/s10649-005-5072-6.
Armor, D, Conroy-Oseguera, P, Cox, M, King, N, McDonnell, L, Pascal, A,
Pauly, E, and Zellman, G (1976). Analysis of the school preferred read-
ing programs in selected Los Angeles minority schools. R-2007-LAUSD.
Santa Monica, CA: The Rand Corporation.
Ashton, PT and Webb, RB (1986). Making a difference: Teachers’ sense of
efficacy and student achievement. White Plains, NY: Longman.
Askew, M, Brown, M, Rhodes, V, Johnson, D, and Wiliam, D (1997).
Effective teachers of numeracy: Report of a study carried out for the
Teacher Training Agency. London: King’s College.
Back, J, Hirst, C, De Geest, E, Joubert, M, and Sutherland, R (2009). Final
report: Researching effective CPD in mathematics education (RECME).
url: https://www.ncetm.org.uk/files/387088/NCETM+RE
CME+Final+Report.pdf (Accessed: Nov. 22, 2013).
Ball, SJ (2003). The teacher’s soul and the terrors of performativity. Jour-
nal of Education Policy 18(2), pp. 215–228. doi: 10.1080/0268093
022000043065.
Bandura, A and Huston, AC (Sept. 1961). Identification as a process of
incidental learning. The Journal of Abnormal and Social Psychology
63(2), pp. 311–318. doi: 10.1037/h0040351.
Bandura, A, Ross, D, and Ross, SA (1961). Transmission of aggression
through imitation of aggressive models. The Journal of Abnormal and
Social Psychology 63(3), pp. 575–582. doi: 10.1037/h0045925.
Bandura, A (1977). Social learning theory. London: Prentice Hall.
Bandura, A (1986). Social foundations of thought and action: A social cog-
nitive theory. London: Prentice-Hall.
Bandura, A (1997). Self-efficacy: The exercise of control. New York: W.H.
Freeman.
213
References
Bandura, A (2006). Guide for constructiong self-efficacy scales. In: F Pa-
jares and TC Urdan (Eds.) Self-Efficacy Beliefs of Adolescents. Green-
wich, CT: Information Age Publishing.
Beeby, T, Burkhardt, H, and Fraser, R (1979). Systematic classroom analy-
sis notation form mathematics lessons. Nottingham: Shell Centre Pub-
lications.
Berman, P and McLaughlin, MW (1978). Federal programs supporting ed-
ucational change, Vol. VIII: Implementing and sustaining innovations.
R-1589/8-HEW. Santa Monica, CA: The Rand Corporation.
Berman, P, McLaughlin, MW, Bass-Golod, G, Pauly, E, and Zellman, GL
(1977). Federal programs supporting educational change, Vol. VII: Fac-
tors affecting implementation and continuation. R-1589/7-HEW. Santa
Monica, CA: The Rand Corporation.
Boaler, J (1997). Experiencing school mathematics: Teaching styles, sex and
setting. Buckingham: Open University Press.
Borko, H (2004). Professional development and teacher learning: Mapping
the terrain. Educational Researcher 33(8), pp. 3–15. doi: 10.3102/0
013189X033008003.
British Educational Research Association (2004). Revised ethical guidlines
for educational research (2004). London: BERA. url: http://www.b
era.ac.uk/system/files/ethica1_0.pdf (Accessed: Nov. 22,
2013).
Brousseau, G (2002). Theory of didactical situations in mathematics: Di-
dactique des mathe´matiques, 1970-1990. Trans. by N Balacheff, M Cooper,
R Sutherland, and V Warfield. Dordrecht: Kluwer.
Bryman, A (2008). Social research methods. 3rd edition. Oxford: Oxford
University Press.
Clarke, D, Mesiti, C, Jablonka, E, and Shimizu, Y (2006). Addressing
the challenge of legitimate international comparisons: Lesson structure
in the USA, Germany and Japan. In: D Clarke, J Emanuelsson, E
Jablonka, and I Ah Chee Mok (Eds.) Making connections: Comparing
mathematics classrooms around the world. Rotterdam: Sense, pp. 23–
45.
Clarke, D and Hollingsworth, H (2002). Elaborating a model of teacher
professional growth. Teaching and Teacher Education 18(8), pp. 947–
967. doi: 10.1016/S0742-051X(02)00053-7.
Cohen, DK (1990). A revolution in one classroom: The case of Mrs. Oublier.
en. Educational Evaluation and Policy Analysis 12(3), pp. 311–329. doi:
10.3102/01623737012003311.
Cohen, L, Manion, L, and Morrison, K (2007). Research methods in educa-
tion. 6th edition. Abingdon, Oxon.: Routledge.
Cohen, L, Manion, L, and Morrison, K (2011). Research methods in educa-
tion. 7th edition. London: Routledge.
Cooney, TJ and Krainer, K (1996). Inservice mathematics teacher educa-
tion: The importance of listening. In: AJ Bishop, K Clements, C Kietel,
J Kilpatrick, and C Laborde (Eds.) International handbook of mathe-
214
References
matics education. Dordrecht: Kluwer Academic Publishers, pp. 1155–
1185.
Corbin, JM and Strauss, AL (2008). Basics of qualitative research: tech-
niques and procedures for developing grounded theory. 3rd edition. Thou-
sand Oaks, CA: Sage Publications, Inc. doi: 10.4135/9781452230
153.
Cordingly, P, Bell, M, Rundell, B, and Evans, D (2003). The impact of
collaborative CPD on classroom teaching and learning. In: Research
Evidence in Education Library. London: EPPI-Centre, Social Science
Research Unit, Institute of Education, University of London. url: h
ttp://eppi.ioe.ac.uk/cms/Default.aspx?tabid=132
(Accessed: Nov. 27, 2013).
Craft, A (2000). Continuing professional development for teachers: A prac-
tical guide for teachers and schools. 2nd edition. London: Routledge-
Falmer.
Crotty, M (1998). The foundations of social research: Meaning and perspec-
tive in the research process. London: SAGE Publications Ltd.
Cuban, L (1993). How teachers taught: Constancy and change in American
classrooms, 1890-1990. 2nd edition. New York: Teachers College Press.
Cuban, L (2009). Hugging the middle: How teachers teach in an era of
testing and accountability. New York: Teachers College Press.
Czerniawski, G (2013). Professional development for professional learners:
teachers’ experiences in Norway, Germany and England. Journal of Ed-
ucation for Teaching 39(39), pp. 383–399. doi: 10.1080/02607476
.2013.769339.
Day, C (1999). Developing teachers: The challenges of lifelong learning.
London: Routledge.
Desimone, LM, Porter, AC, Garet, MS, Yoon, KS, and Birman, BF (2002).
Effects of Professional Development on Teachers’ Instruction: Results
from a Three-year Longitudinal Study. Educational Evaluation and Pol-
icy Analysis 24(2), pp. 81 –112. doi: 10.3102/016237370240020
81.
DfE (2013). 2012 Performance tables. url: http://www.education.g
ov.uk/schools/performance/index.html (Accessed: Nov. 22,
2013).
Eraut, M (1994). Developing professional knowledge and competence. Lon-
don, Washington, D.C: Falmer Press.
Ernest, P (1989). The impact of beliefs on the teaching of mathematics. In:
P Ernest (Eds.) Mathematics teaching: The state of the art. London:
Falmer Press, pp. 249–254.
Fang, Z (1996). A review of research on teacher beliefs and practices. Ed-
ucational Research 38(1), pp. 47–65. doi: 10.1080/001318896038
0104.
Fenstermacher, GD (1978). A philosophical consideration of recent research
on teacher effectiveness. Review of research in education 6, pp. 157–185.
215
References
Field, A (2009). Discovering statistics using SPSS. London: SAGE Publi-
cations.
Forgasz, H and Leder, GC (2008). Beliefs about mathematics and mathe-
matics teaching. In: P Sullivan and T Wood (Eds.) The international
handbook of mathematics teacher education, Vol 1: Knowledge and be-
liefs in mathematics teaching and teacher development. Rotterdam: Sense
Publishers, pp. 173–192.
Garet, MS, Porter, AC, Desimone, LM, Birman, BF, and Yoon, KS (Dec.
2001). What Makes Professional Development Effective? Results From a
National Sample of Teachers. en. American Educational Research Jour-
nal 38(4), pp. 915–945. doi: 10.3102/00028312038004915.
Gates, P (2006). Going beyond belief systems: Exploring a model for the
social influence on mathematics teacher beliefs. Educational Studies in
Mathematics 63(3), pp. 347–369. doi: 10.1007/s10649-005-900
7-z.
Givvin, K, Hiebert, J, Jacobs, J, Hollingsworth, H, and Gallimore, R (Aug.
2005). Are There National Patterns of Teaching? Evidence from the
TIMSS 1999 Video Study. Comparative Education Review 49(3), pp. 311–
343. doi: 10.1086/cer.2005.49.issue-3.
Goldin, G, Ro¨sken, B, and To¨rner, G (2009). Beliefs – no longer a hidden
variable in mathematical teaching and learning processes. In: J Maaß
and W Schlo¨glmann (Eds.) Beliefs and attitudes in mathematics educa-
tion: New research results. Rotterdam/Taipei: Sense Publishers, pp. 1–
18.
Guskey, TR (1988). Teacher efficacy, self-concept, and attitudes toward
the implementation of instructional innovation. Teaching and Teacher
Education 4(1), pp. 63–69. doi: 10.1016/0742-051X(88)90025-
X.
Guskey, TR (2000). Evaluating professional development. Thousand Oaks,
CA: Corwin Press.
Guskey, TR (2002). Professional development and teacher change. Teachers
and Teaching 8(3), pp. 381–391. doi: 10.1080/135406002100000
512.
Hall, C and Noyes, A (2009). New regimes of truth: the impact of performa-
tive school self evaluation systems on teachers’ professional identities.
Teaching and Teacher Education 25(6), pp. 850–856. doi: 10.1016/j
.tate.2009.01.008.
Hargreaves, A (2000). Four ages of professionalism and professional learn-
ing. Teachers and Teaching: History and Practice 6(2), pp. 151–182.
doi: 10.1080/713698714.
Howell, DC (2002). Statistical methods for psychology. Pacific Grove: Duxbury.
Howson, G (1982). A history of mathematics education in England. Cam-
bridge: Cambridge University Press.
Jaworski, B (2006). Theory and practice in mathematics teaching devel-
opment: Critical inquiry as a mode of learning in teaching. Journal of
216
References
Mathematics Teacher Education 9(2), pp. 187–211. doi: 10.1007/s1
0857-005-1223-z.
Joubert, M and Sutherland, R (2008). A perspective on the literature: CPD
for teachers of mathematics. Sheffield: NCETM.
Karimi (Allvar), MN (2011). The effects of professional development ini-
tiatives on EFL teachers’ degree of self efficacy. Australian Journal of
Teacher Education 36(6), pp. 50–62.
Klassen, RM, Bong, M, Usher, EL, Chong, WH, Huan, VS, Wong, IY, and
Georgiou, T (2009). Exploring the validity of a teachers’ self-efficacy
scale in five countries. Contemporary Educational Psychology 34(1),
pp. 67–76. doi: 10.1016/j.cedpsych.2008.08.001.
Klassen, RM, Tze, VM, Betts, SM, and Gordon, KA (Mar. 2011). Teacher
efficacy research 1998 – 2009: signs of progress or unfulfilled promise?
English. Educational Psychology Review 23(1), pp. 21–43. doi: 10.10
07/s10648-010-9141-8.
Kogan, M (1986). Education accountability: an analytic overview. London:
Heinemann.
Krainer, K (2006). How can schools put mathematics in their centre? Im-
provement=Content+Community+Context. In: J Novotna´, H Moraova´,
M Kra´tka´, and N Stehlkova´ (Eds.) Proceedings of the 30th Conference
of the International Group for the Psychology Mathematics Education.
Vol. 1. Prague: IGPME, pp. 88–99.
Lave, J and Wenger, E (1991). Situated learning: Legitimate peripheral par-
ticipation. Cambridge: Cambridge University Press.
Leech, N, Onwuegbuzie, A, and Daniel, L (2007). Paired Samples T Test
(Dependent Samples T Test). In: NJ Salkind and K Rasmussen (Eds.)
Encyclopedia of Measurement and Statisticsm. Thousand Oaks, CA:
Sage Publications, pp. 724–727.
Leinhardt, G (1988). Situated knowledge and expertise in teaching. en. In:
J Calderhead (Eds.) Teachers’ professional learning. London: Falmer
Press, pp. 146–168.
Lerman, S (2002). Situating research on mathematics teachers’ beliefs and
on change. In: GC Leder, E Pehkonen, and G To¨rner (Eds.) Beliefs:
A hidden variable in mathematics education? Dordrecht: Kluwer Aca-
demic Publishers, pp. 233–243.
Llinares, S and Krainer, K (2006). Mathematics (student) teachers and
teacher educators as learners. In: A Gutie´rrez and P Boero (Eds.)
Handbook of research on the psychology of mathematics education: Past,
present and future. Rotterdam: Sense Publishers, pp. 429–460.
Lortie, DC (2002). Schoolteacher. 2nd edition. Chicago and London: The
University of Chicago Press.
Mason, J (2003). Reader Commentary, Seeing worthwhile things. Journal
of Mathematics Teacher Education 6(3), pp. 281–292. doi: 10.1023
/A:1025127913916.
Miller, NE and Dollard, J (1945). Social learning and imitation. New Haven,
NJ: Yale University Press. (Accessed: May 25, 2012).
217
References
Moore, W and Esselman, M (1992). Teacher efficacy, power, school climate
and achievement: A desegregating district’s experience. Paper presented
at the annual meeting of the American Educational Research Associa-
tion, San Francisco.
Nespor, J (1987). The role of beliefs in the practice of teaching. Journal of
Curriculum Studies 19(4), pp. 317–328. doi: 10.1080/0022027870
190403.
Nolan, S and Heinzen, TE (2008). Statistics for the behavioural sciences.
New York: Worth Publishers.
OfSTED (2006). The logical chain: Continuing professional development in
effective schools. London: Office for Standards in Education.
OfSTED (2008). Mathematics: Understanding the score. London: Office for
Standards in Education.
OfSTED (2012). Mathematics: Made to measure. London: Office for Stan-
dards in Education.
OfSTED (2013). The framework for school inspection: The framework for
inspecting schools in England under section 5 of the Education Act 2005
(as amended). London: Office for Standards in Education.
Opfer, VD and Pedder, D (2011). Conceptualizing teacher professional
learning. Review of Educational Research 81(3), pp. 376 –407. doi: 10
.3102/0034654311413609.
Pajares, MF (1992). Teachers’ beliefs and educational research: Cleaning
up a messy construct. Review of Educational Research 62(3), pp. 307–
332.
Pampaka, M, Williams, J, Hutcheson, G, Wake, G, Black, L, Davis, P, and
Hernandez-Martinez, P (2012). The association between mathematics
pedagogy and learners’ dispositions for university study. British Edu-
cational Research Journal 38(3), pp. 473–496. doi: 10.1080/01411
926.2011.555518.
Pedder, D, Storey, A, and Opfer, VD (2008). Schools and continuing pro-
fessional development (CPD) in England – State of the Nation research
project (T34718): Synthesis report. London: Training and Development
Agency for Schools.
Perryman, J (2006). Panoptic performativity and school inspection regimes:
disciplinary mechanisms and life under special measures. Journal of
Education Policy 21(2), pp. 147–161. doi: 10.1080/026809305005
00138.
Perryman, J (2009). Inspection and the fabrication of professional and per-
formative processes. Journal of Education Policy 24(5), pp. 611–631.
doi: 10.1080/02680930903125129.
Perryman, J, Ball, SJ, Maguire, M, and Braun, A (2011). Life in the pres-
sure cooker – School league tables and English and mathematics teach-
ers’ responses to accountability in a results-driven era. British Journal
of Educational Studies 59(2), pp. 179–195. doi: 10.1080/00071005
.2011.578568.
218
References
Po´lya, G (1990). How to solve it: A new aspect of mathematical method.
2nd edition. Harmondsworth: Penguin.
QCA (2007). The National Curriculum 2007. London: Qualifications and
Curriculum Authority.
Ro¨sken, B (2011). Hidden dimensions in the professional development of
mathematics teachers: In-service education for and with teachers. Rot-
terdam: Sense Publishers.
Ross, JA (1992). Teacher efficacy and the effects of coaching on student
achievement. Canadian Journal of Education 17(1), pp. 51–65. doi:
10.2307/1495395.
Ross, JA and Bruce, C (2007). Professional development effects on teacher
efficacy: Results of randomized field trial. The Journal of Educational
Research 101(1), pp. 50–60. doi: 10.3200/JOER.101.1.50-60.
Schechtman, N, DeBarger, A, Dornsife, C, Rosier, S, and Yarnell, L (2013).
Promoting grit, tenacity, and perseverance—critical factors for success
in the 21st Century. DRAFT report. US Department of Education,
Office of Educational Technology.
Schoenfeld, AH (2008). Research methods in (mathematics) education. en.
In: LD English (Eds.) Handbook of international research in mathemat-
ics education. 2nd edition. New York: Routledge, pp. 471–423.
Schoenfeld, AH (1985). Mathematical problem solving. San Diego: Aca-
demic Press Inc.
Schoenfeld, AH (1989). Teaching mathematical thinking and problem solv-
ing. In: LB Resnick and LE Klopfer (Eds.) Toward the thinking cur-
riculum: Current cognitive research. Alexandria, VA: Association for
Supervision and Curriculum Development, pp. 83–103.
Schoenfeld, AH (1992). Learning to think mathematically: Problem solving,
metacognition, and sense making in mathematics. In: DA Grouws (Eds.)
Handbook of research on mathematics teaching and learning. New York:
MacMillan, pp. 334–370.
Schoenfeld, AH (2010). How we think: A theory of goal-oriented decision
making and its educational applications. New York, NY: Routledge.
Schoenfeld, AH (2013). Classroom observations in theory and practice. En-
glish. ZDM. Online, pp. 1–15. doi: 10.1007/s11858-012-0483-1.
Schunk, DH (2013). Learning theories: an educational perspective. 6th edi-
tion. Harlow: Pearson.
Sinclair, J and Coulthard, M (1975). Towards an Analysis of Discourse.
London: OUP.
Skott, J (2009). Contextualising the notion of ‘belief enactment’. Journal
of Mathematics Teacher Education 12(1), pp. 27–46. doi: 10.1007/s
10857-008-9093-9.
Stake, RE (2008). The art of case study research. London: Sage Publica-
tions.
Stein, MK and Wang, MC (1988). Teacher development and school im-
provement: The process of teacher change. Teaching and Teacher Edu-
cation 4(2), pp. 171–187. doi: 10.1016/0742-051X(88)90016-9.
219
References
Stigler, JW and Hiebert, J (1999). The teaching gap: Best ideas from the
world’s teachers for improving education in the classroom. Kindle DX
edition. New York: Free Press.
Stoll, L, Bolam, R, McMahon, A, Wallace, M, and Thomas, S (2006). Pro-
fessional Learning Communities: A review of the literature. en. Journal
of Educational Change 7(4), pp. 221–258. doi: 10.1007/s10833-0
06-0001-8.
Swan, M (2006a). Collaborative learning in mathematics: A challenge to
our beliefs and practices. London: NRDC and NIACE.
Swan, M (2006b). Designing and using research instruments to describe the
beliefs and practices of mathematics teachers. Research in Education 75,
pp. 58–70.
Swan, M, Pead, D, Doorman, M, and Mooldijk, A (2013). Designing and
using professional development resources for inquiry-based learning. En-
glish. ZDM 45(7), pp. 945–957. doi: 10.1007/s11858-013-0520
-8.
Thompson, AG (1984). The relationship of teachers’ conceptions of mathe-
matics and mathematics teaching to instructional practice. Educational
Studies in Mathematics 15(2), pp. 105–127. doi: 10.1007/BF00305
892.
Tschannen-Moran, M and McMaster, P (Dec. 2009). Sources of self-efficacy:
four professional development formats and their relationship to self-
efficacy and implementation of a new teaching strategy. en. Elementary
School Journal 110(2), pp. 228–245.
Tschannen-Moran, M and Woolfolk Hoy, AE (2001). Teacher efficacy: Cap-
turing an elusive construct. Teaching and Teacher Education 17(7),
pp. 783–805. doi: 10.1016/S0742-051X(01)00036-1.
Tschannen-Moran, M, Woolfolk Hoy, AE, and Hoy, WK (1998). Teacher ef-
ficacy: Its meaning and measure. Review of Educational Research 68(2),
pp. 202–248. doi: 10.3102/00346543068002202.
Watson, S (2013). Understanding mathematics teachers’ professional de-
velopment from the perspective of social learning theory. In: B Ubuz,
C Haser, and MA Maiotti (Eds.) Proceedings of the 8th Congress of
European Research in Mathematics Education (CERME-8), Antalya,
Turkey. Ankara: PME, pp. 3287–3295.
Watson, S and Evans, S (2012). Observing changes in teachers’ practice as
a consequence of taking part in professional development: Developing a
protocol for the observation of lessons. In: C Smith (Eds.) Proceedings
of the British Society for Research into Learning Mathematics. Vol. 32.
(2). University of Sussex: BSRLM, pp. 88–93. url: http://www.b
srlm.org.uk/IPs/ip32-2/BSRLM-IP- 32-2-Full.pdf
(Accessed: Nov. 22, 2013).
Wenger, E (1998). Communities of practice: learning, meaning, and iden-
tity. Cambridge: Cambridge University Press.
Wilson, S and Cooney, TJ (2002). Mathematics teacher change and de-
velopment. In: GC Leder, E Pehkonen, and G To¨rner (Eds.) Beliefs: A
220
References
hidden variable in mathematics education? Dordrecht: Kluwer, pp. 127–
148.
Yin, RK (2009). Case study research: Design and methods. 4th edition,
Kindle DX edition. London: Sage Publications.
Yin, RK (2011). Applications of case study research. London: Sage Publi-
cations.
221
Appendices
222
Post-questionnaire responses - raw data and preliminary processing. 
Amy Matt Lynne Mary Cath Jenny Kelly Imran David Nigel Jane Lydia Tony Peter Anne Cheryl Deborah Adrian Amy Matt Lynne Mary Cath Jenny Kelly Imran David Nigel Jane Lydia Tony Peter Anne Cheryl Deborah Adrian
Boxton
Norman 
Fletcher
Barrington Boxton
Norman 
Fletcher
Norman 
Fletcher
Tuxford 
Academy
Barrington Boxton Boxton Boxton
Norman 
Fletcher
Boxton
Norman 
Fletcher
Norman 
Fletcher
Barrington Barrington Boxton Boxton
Norman 
Fletcher
Barringto
n
Boxton
Norman 
Fletcher
Norman 
Fletcher
Tuxford 
Academy
Barringto
n
Boxton Boxton Boxton
Norman 
Fletcher
Boxton
Norman 
Fletcher
Norman 
Fletcher
Barringto
n
Barringto
n
Boxton
PRACTICES QUESTIONNAIRE
1 Students work through exercises. T
About half the 
time
About half the 
time
About half the 
time
Occasionally
Most of the 
time
About half the 
time
About half the 
time
Almost always
Most of the 
time
About half the 
time
About half the 
time
Most of the 
time
About half the 
time
About half the 
time
Most of the 
time
About half the 
time
Occasionally
Most of the 
time
3 3 3 2 4 3 3 5 4 3 3 4 3 3 4 3 2 4
2 Students work on their own, consulting a neighbour from time to time. T Occasionally
Most of the 
time
About half the 
time
Almost never
About half the 
time
About half the 
time
Occasionally
Most of the 
time
Almost always
About half the 
time
About half the 
time
Most of the 
time
Occasionally Almost never
About half the 
time
Occasionally Occasionally
About half the 
time
2 4 3 1 3 3 2 4 5 3 3 4 2 1 3 2 2 3
3 Students use only the methods I teach them. T
Most of the 
time
Occasionally
Most of the 
time
Most of the 
time
Most of the 
time
Occasionally Occasionally
Most of the 
time
About half the 
time
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
Occasionally
Most of the 
time
4 2 4 4 4 2 2 4 3 4 3 4 4 4 4 3 2 4
4 Students start with easy questions and work up to harder questions. T Occasionally
About half the 
time
Most of the 
time
Most of the 
time
Occasionally
About half the 
time
About half the 
time
Almost always Occasionally Occasionally
About half the 
time
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
Occasionally
Most of the 
time
2 3 4 4 2 3 3 5 2 2 3 4 4 3 4 4 2 4
5 Students choose which questions they tackle. S
Most of the 
time
About half the 
time
Occasionally Occasionally
Most of the 
time
About half the 
time
About half the 
time
Occasionally Occasionally
About half the 
time
About half the 
time
About half the 
time
Almost never
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
2 3 4 4 2 3 3 4 4 3 3 3 5 2 2 2 2 3
6 I encourage learners to work more slowly. S Occasionally Occasionally Almost never Occasionally Almost never Almost never Occasionally Occasionally Occasionally Occasionally Occasionally Almost never
About half the 
time
Almost never Almost never Occasionally Occasionally Occasionally 4 4 5 4 5 5 4 4 4 4 4 5 3 5 5 4 4 4
7 Students compare different methods for doing questions. S
Most of the 
time
Occasionally Occasionally Occasionally
About half the 
time
Occasionally
Most of the 
time
About half the 
time
Occasionally Occasionally
About half the 
time
About half the 
time
Occasionally Occasionally
About half the 
time
Occasionally
Most of the 
time
Most of the 
time
2 4 4 4 3 4 2 3 4 4 3 3 4 4 3 4 2 2
8 I teach each topic from the beginning assuming they know nothing. T Occasionally
About half the 
time
Almost never
About half the 
time
Almost never Occasionally Almost never
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
Almost never Almost never Almost never Almost never Almost never Almost never Almost never 2 3 1 3 1 2 1 4 3 4 4 1 1 1 1 1 1 1
9  I teach the whole class at once. T
About half the 
time
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Occasionally
Most of the 
time
Most of the 
time
3 3 4 4 4 4 3 4 4 4 4 4 4 4 4 2 4 4
10 I try to cover everything in a topic. T
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Almost always
About half the 
time
Occasionally Almost always
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Almost always Almost always Almost always
Most of the 
time
About half the 
time
Almost always 3 4 4 4 5 3 2 5 4 4 3 4 5 5 5 4 3 5
11 I draw links between topics and move back and forth between topics. S
About half the 
time
Most of the 
time
Most of the 
time
About half the 
time
About half the 
time
Occasionally Almost always Almost always
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Almost always Almost always Almost always
Most of the 
time
Most of the 
time
Almost always 3 2 2 3 3 4 1 1 2 2 2 2 1 1 1 2 2 1
12 Students work collaboratively in small groups. S
Most of the 
time
About half the 
time
About half the 
time
Most of the 
time
Occasionally Occasionally
About half the 
time
About half the 
time
Occasionally
About half the 
time
About half the 
time
Occasionally
Most of the 
time
Most of the 
time
Occasionally Occasionally Occasionally Almost always 2 3 3 2 4 4 3 3 4 3 3 4 2 2 4 4 4 1
13 I avoid students making mistakes by explaining things carefully first. T
Most of the 
time
About half the 
time
Most of the 
time
About half the 
time
About half the 
time
About half the 
time
Most of the 
time
Most of the 
time
Occasionally
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
Almost never
About half the 
time
About half the 
time
Occasionally Almost always 4 3 4 3 3 3 4 4 2 4 3 4 4 1 3 3 2 5
14 I tend to follow the textbook closely. T Almost never Occasionally Almost never Almost never Almost never Almost never Almost never
About half the 
time
Almost never Almost never Occasionally
About half the 
time
Occasionally Occasionally Almost never Occasionally Almost never Occasionally 1 2 1 1 1 1 1 3 1 1 2 3 2 2 1 2 1 2
15 Students discuss their ideas. S
Most of the 
time
Most of the 
time
Most of the 
time
Almost always
Most of the 
time
Most of the 
time
Almost always
About half the 
time
Almost always
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
2 2 2 1 2 2 1 3 1 2 2 2 2 2 2 2 2 2
16 Students work collaboratively in pairs. S Almost always
Most of the 
time
About half the 
time
Most of the 
time
Almost always Occasionally
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
About half the 
time
Occasionally Almost always Almost always
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
1 2 3 2 1 4 2 2 2 3 3 4 1 1 2 2 2 2
17 Students invent their own methods. S
About half the 
time
Most of the 
time
Occasionally Occasionally Occasionally Occasionally
About half the 
time
About half the 
time
About half the 
time
Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally
About half the 
time
About half the 
time
3 2 4 4 4 4 3 3 3 4 4 4 4 4 4 4 3 3
18
Students work on substantial tasks that can be worked on at different 
levels.
S
About half the 
time
Occasionally Occasionally Occasionally
About half the 
time
Occasionally
About half the 
time
Most of the 
time
Occasionally Occasionally
About half the 
time
Occasionally Occasionally Occasionally
Most of the 
time
About half the 
time
Occasionally Occasionally 3 4 4 4 3 4 3 2 4 4 3 4 4 4 2 3 4 4
19 I tell learners which questions to tackle. T
About half the 
time
About half the 
time
Most of the 
time
Almost always
Most of the 
time
About half the 
time
Occasionally
Most of the 
time
About half the 
time
Occasionally
About half the 
time
About half the 
time
Most of the 
time
About half the 
time
About half the 
time
Occasionally
About half the 
time
Almost always 3 3 4 5 4 3 2 4 3 2 3 3 4 3 3 2 3 5
20 I encourage students to work more quickly. T Occasionally
Most of the 
time
Most of the 
time
Occasionally
Most of the 
time
Almost never
Most of the 
time
About half the 
time
Most of the 
time
Occasionally
About half the 
time
About half the 
time
Occasionally
Most of the 
time
About half the 
time
Occasionally Occasionally
About half the 
time
2 4 4 2 4 1 4 3 4 2 3 3 2 4 3 2 2 3
21 I go through one method for doing each question. T Occasionally Almost never Almost never Almost always Almost never Occasionally Almost never
Most of the 
time
Occasionally Occasionally
About half the 
time
Occasionally
Most of the 
time
About half the 
time
Occasionally Occasionally Occasionally Occasionally 2 1 1 5 1 2 1 4 2 2 3 2 4 3 2 2 2 2
22
I find out which parts students already understand and don't teach 
those parts.
S
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
About half the 
time
Occasionally
About half the 
time
About half the 
time
Occasionally
About half the 
time
Almost never
Most of the 
time
Almost always
Most of the 
time
Most of the 
time
Most of the 
time
2 3 2 2 2 3 3 4 3 3 4 3 5 2 1 2 2 2
23  I teach each student differently according to individual needs. S
Most of the 
time
About half the 
time
Occasionally Occasionally Occasionally Occasionally Almost always Almost never
About half the 
time
Occasionally Occasionally Occasionally
Most of the 
time
Most of the 
time
Occasionally
About half the 
time
Occasionally Almost always 2 3 4 4 4 4 1 5 3 4 4 4 2 2 4 3 4 1
24 I cover only the important ideas in a topic. S Occasionally Occasionally Occasionally Almost never Occasionally Almost never Almost never
Most of the 
time
Occasionally Occasionally Occasionally Occasionally Almost never
Most of the 
time
About half the 
time
Occasionally
About half the 
time
Occasionally 4 4 4 5 4 5 5 2 4 4 4 4 5 2 3 4 3 4
25 I teach each topic separately T
About half the 
time
Occasionally Almost never
Most of the 
time
About half the 
time
About half the 
time
Occasionally
Most of the 
time
About half the 
time
About half the 
time
Occasionally
About half the 
time
Occasionally
Most of the 
time
About half the 
time
Occasionally Occasionally Occasionally 3 2 1 4 3 3 2 4 3 3 2 3 2 4 3 2 2 2
26 I know exactly what maths the lesson will contain. T
About half the 
time
Occasionally
Most of the 
time
Almost always
Most of the 
time
Most of the 
time
About half the 
time
Almost always
Most of the 
time
Most of the 
time
About half the 
time
Almost always
About half the 
time
About half the 
time
About half the 
time
About half the 
time
Most of the 
time
Most of the 
time
3 2 4 5 4 4 3 5 4 4 3 5 3 3 3 3 4 4
27 I encourage students to discuss mistakes they make. S
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Almost always
About half the 
time
Almost always
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Almost always Almost always
Most of the 
time
Most of the 
time
Most of the 
time
Almost always 2 2 2 2 1 3 1 3 2 2 2 2 1 1 2 2 2 1
28 I jump between topics as the need arises. S
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Occasionally Almost always
Most of the 
time
Most of the 
time
About half the 
time
About half the 
time
Most of the 
time
Most of the 
time
Almost always
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
2 3 2 2 2 4 1 2 2 3 3 2 2 1 2 2 2 2
T-centred score 71 80 87 90 83 90 66 99 86 87 86 94 85 74 80 75 70 80
TEACHER SELF-EFFICACY QUESTIONNAIRE
Efficacy 
factor
1 Controlling disruptive behaviour in the classroom. CM 8 9 9 8 7 7 8 9 9 9 7 7 8 7 8 8 8 8
2 Motivating students who show low interest in school work. SE 6 6 8 7 7 6 7 7 8 8 7 6 8 6 7 5 7 7
3 Getting students to believe they can do well in school work. SE 7 6 8 7 8 7 7 9 7 8 7 7 8 7 8 7 8 8
4 Helping your students value learning. SE 6 5 8 5 7 6 7 9 8 8 7 6 8 8 8 6 7 7
5 Crafting good questions for your students. IS 7 6 9 5 7 6 7 8 7 8 7 7 8 7 9 7 7 9
6 Getting children to follow classroom rules. CM 7 9 9 8 7 7 7 8 9 9 7 7 8 7 7 8 8 7
7 Calming a student who is disruptive or noisy. CM 7 9 9 6 7 6 8 6 8 9 7 6 8 8 9 7 8 7
8 Establishing a classroom management system with each class. CM 7 9 9 8 7 8 8 7 8 9 7 6 8 7 7 8 8 8
9 Using a variety of assessment strategies. IS 9 8 9 7 7 8 8 8 7 8 7 7 8 9 9 8 8 8
10
Providing an alternative explanation or example when students are 
confused.
IS 7 9 9 7 8 7 8 9 7 9 7 8 8 9 9 8 8 9
11 Assisting families in helping their children do well in school. SE 6 9 7 3 3 3 6 8 6 6 5 7 6 4 6 7 7 7
12  Implementing alternative strategies in your classroom. IS 7 8 8 5 8 7 7 8 7 7 7 6 8 6 8 8 8 7
Efficacy for classroom management 29 36 36 30 28 28 31 30 34 36 28 26 32 29 31 31 32 30
Efficacy for instructional strategies 30 31 35 24 30 28 30 33 28 32 28 28 32 31 35 31 31 33
Efficacy for student engagement 25 26 31 22 25 22 27 33 29 30 26 26 30 25 29 25 29 29
TEACHING PROBLEM SOLVING EFFICACY QUESTIONNAIRE
1
Setting out the problem so that students can start working without 
detailed guidance about procedures.
6 6 7 7 7 8 7 7 7 6 7 7 8 6 9 6 7 7
2
Getting students to reflect individually on the problem and consider 
their options for strategy.
5 5 7 7 7 7 7 7 7 5 7 7 7 7 8 6 7 7
3
Allowing students to choose what resources to use (PCs, calculators, 
protractors, compasses and other tools and materials).
6 6 7 3 5 6 8 8 7 5 7 7 7 9 9 6 7 6
4 Helping students organise themselves into effective groups. 5 7 7 9 5 6 7 8 5 7 8 7 7 6 8 5 7 5
5 Facilitating student groups discussing the problem together. 5 7 7 8 6 6 8 8 8 8 7 7 8 8 7 7 8 6
6
Getting students to build on and challenge one another's ideas 
constructively.
5 6 7 6 7 5 8 8 6 6 7 6 6 7 8 6 7 7
7 Keeping talk mathematical rather than just idle chatter. 5 5 7 7 6 6 8 8 7 7 7 7 7 6 8 6 7 4
8 Ensuring all members of a group contribute. 5 5 7 7 6 7 8 7 7 7 7 7 6 8 7 5 6 4
9 Giving guidance where groups are not working well together. 6 4 7 7 6 7 8 6 6 8 6 7 8 6 8 7 7 5
10
Getting students to behave responsibly and appropriately when 
working on open-ended problems together.
6 7 8 7 7 7 8 7 8 7 7 6 7 8 8 7 7 6
11
Getting students to use mathematical skills effectively to solve 
problems.
6 7 7 7 7 7 8 6 7 6 7 7 7 8 8 7 7 7
12 Providing appropriate levels of assistance to struggling students. 6 8 7 8 7 7 8 6 6 6 7 8 8 8 8 8 8 6
13 crafting good questions that support students' problem-solving. 7 9 7 7 6 7 8 6 7 6 7 8 7 7 9 8 7 8
14 Allowing students to choose what maths to use. 6 9 7 4 7 8 8 5 7 6 7 7 8 8 9 8 7 7
15 Developing mathematical skills and knowledge in this kind of lesson. 6 7 7 6 7 7 8 6 7 6 7 7 7 8 8 7 7 6
16 Encouraging students to present their findings to the rest of the class. 4 7 7 7 8 8 8 5 7 7 7 7 7 9 9 7 7 8
17
Getting students to evaluate their progress on solutions and identify 
next steps.
5 6 7 5 8 7 8 6 7 6 7 6 7 7 8 6 7 8
18 Providing formative assessment of students' problem solving. 6 5 7 4 8 5 7 8 7 5 7 7 7 7 8 6 6 7
19 Using ICT (e.g. PCs) to support students' problem solving. 5 9 7 4 7 6 7 8 4 5 7 5 5 7 8 6 7 7
20
Ensuring a definite conclusion to the lesson rather than just "stop there 
and pack up".
5 9 7 7 8 7 8 6 9 6 6 5 7 9 6 6 8 8
Teaching problem solving efficacy score 110 134 141 127 135 134 155 136 136 125 139 135 141 149 161 130 141 129
The above table is a coded table of the categorical ordinal table above left. For 
teacher-centred (T) practices , see column C, each response is coded:
1-Almost never
2-Occasionally
3-About half the time
4-Most of the time
5-Almost always
Items that are student-centred (S), see column C, the responses are reverse 
coded:
1-Almost always
2-Most of the time
3-About half the time
4-Occasionally
5-Almost never
All efficacy scores were on a scale of 1-9.
1-Cannot do at all
3-Can do a little
5-Moderatley can do
7-Can do quite a lot
9-Certain can do 
Teaching efficacy factors each range from 4-36
Teaching problem solving efficacy score ranges from 20-180
Pre-questionnaire responses - raw data and preliminary processing. 
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PRACTICES QUESTIONNAIRE
1 Students work through exercises. T
Most of the 
time
About half the 
time
About half the 
time
About half the 
time
Occasionally
About half the 
time
About half the 
time
Most of the 
time
About half the 
time
About half the 
time
About half the 
time
Most of the 
time
About half the 
time
Most of the 
time
About half the 
time
Most of the 
time
Occasionally
Most of the 
time
4 3 3 3 2 3 3 4 3 3 3 4 3 4 3 4 2 4
2 Students work on their own, consulting a neighbour from time to time. T
Most of the 
time
About half the 
time
About half the 
time
About half the 
time
Occasionally Occasionally
Most of the 
time
About half the 
time
Almost never Occasionally
Most of the 
time
Most of the 
time
Most of the 
time
Almost never
About half the 
time
About half the 
time
Occasionally
About half the 
time
4 3 3 3 2 2 4 3 1 2 4 4 4 1 3 3 2 3
3 Students use only the methods I teach them. T
About half the 
time
Occasionally
Most of the 
time
Most of the 
time
About half the 
time
Occasionally Almost never
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
About half the 
time
About half the 
time
Most of the 
time
Occasionally Occasionally 3 2 4 4 3 2 1 4 4 4 4 3 4 3 3 4 2 2
4 Students start with easy questions and work up to harder questions. T
Most of the 
time
Most of the 
time
About half the 
time
Almost always Occasionally
About half the 
time
Most of the 
time
Most of the 
time
Almost never
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
Occasionally
About half the 
time
4 4 3 5 2 3 4 4 1 4 4 4 4 3 4 4 2 3
5 Students choose which questions they tackle. S Almost always Occasionally Occasionally Occasionally
Most of the 
time
About half the 
time
About half the 
time
Almost never Occasionally Occasionally Occasionally
Most of the 
time
Occasionally
Most of the 
time
Occasionally Occasionally Occasionally Almost never 1 4 4 4 2 3 3 5 4 4 4 2 4 2 4 4 4 5
6 I encourage learners to work more slowly. S Almost never Occasionally Occasionally Occasionally Almost never Occasionally Almost never
About half the 
time
Almost never
About half the 
time
Occasionally Almost never Occasionally
About half the 
time
Almost never Occasionally Almost never Almost never 5 4 4 4 5 4 5 3 5 3 4 5 4 3 5 4 5 5
7 Students compare different methods for doing questions. S
About half the 
time
About half the 
time
Occasionally Occasionally
About half the 
time
About half the 
time
Most of the 
time
Occasionally
About half the 
time
Almost never
About half the 
time
Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally
Most of the 
time
3 3 4 4 3 3 2 4 3 5 3 4 4 4 4 4 4 2
8 I teach each topic from the beginning assuming they know nothing. T Almost never
Most of the 
time
Almost never Occasionally Almost never Occasionally Almost never Occasionally Occasionally
Most of the 
time
About half the 
time
Occasionally Occasionally Occasionally Occasionally Almost never Almost never Occasionally 1 4 1 2 1 2 1 2 2 4 3 2 2 2 2 1 1 2
9  I teach the whole class at once. T Occasionally
Most of the 
time
Almost always
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Almost always
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Most of the 
time
2 4 5 4 4 4 3 4 4 4 4 4 5 4 4 3 4 4
10 I try to cover everything in a topic. T
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Almost always Almost always Almost always
About half the 
time
Most of the 
time
Most of the 
time
Almost always
Most of the 
time
Almost always Occasionally
Most of the 
time
3 4 4 4 4 3 4 5 5 5 3 4 4 5 4 5 2 4
11 I draw links between topics and move back and forth between topics. S
About half the 
time
About half the 
time
Most of the 
time
Occasionally
Most of the 
time
Occasionally
Most of the 
time
Most of the 
time
About half the 
time
Almost always
About half the 
time
Most of the 
time
Most of the 
time
Almost always
About half the 
time
Most of the 
time
Most of the 
time
Almost always 3 3 2 4 2 4 2 2 3 1 3 2 2 1 3 2 2 1
12 Students work collaboratively in small groups. S Occasionally
About half the 
time
Occasionally
About half the 
time
Occasionally Occasionally
About half the 
time
About half the 
time
Occasionally
About half the 
time
Occasionally Occasionally Occasionally
About half the 
time
Occasionally
About half the 
time
Occasionally Occasionally 4 3 4 3 4 4 3 3 4 3 4 4 4 3 4 3 4 4
13 I avoid students making mistakes by explaining things carefully first. T
Most of the 
time
About half the 
time
Occasionally Almost always Occasionally
About half the 
time
Most of the 
time
About half the 
time
Occasionally Almost always
About half the 
time
Most of the 
time
Occasionally Almost never
About half the 
time
About half the 
time
About half the 
time
Almost always 4 3 2 5 2 3 4 3 2 5 3 4 2 1 3 3 3 5
14 I tend to follow the textbook closely. T Occasionally Occasionally Almost never Occasionally Almost never Occasionally
About half the 
time
Occasionally Occasionally Occasionally Occasionally
About half the 
time
Occasionally
About half the 
time
Occasionally Almost never Almost never Occasionally 2 2 1 2 1 2 3 2 2 2 2 3 2 3 2 1 1 2
15 Students discuss their ideas. S
Most of the 
time
About half the 
time
Most of the 
time
About half the 
time
Almost always
About half the 
time
Almost always Occasionally
Most of the 
time
About half the 
time
Most of the 
time
Almost always
Most of the 
time
Almost always Occasionally
About half the 
time
About half the 
time
Almost always 2 3 2 3 1 3 1 4 2 3 2 1 2 1 4 3 3 1
16 Students work collaboratively in pairs. S
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Almost always Occasionally
Most of the 
time
About half the 
time
Almost always
Most of the 
time
About half the 
time
About half the 
time
Almost always Almost always
About half the 
time
About half the 
time
Occasionally Almost always 2 2 3 2 1 4 2 3 1 2 3 3 1 1 3 3 4 1
17 Students invent their own methods. S
About half the 
time
About half the 
time
Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally Almost never Occasionally Occasionally
Most of the 
time
3 3 4 4 4 4 4 4 4 4 4 4 4 4 5 4 4 2
18
Students work on substantial tasks that can be worked on at different 
levels.
S
About half the 
time
Occasionally Occasionally Almost never
About half the 
time
Occasionally Occasionally
About half the 
time
Occasionally Occasionally Occasionally Occasionally Almost never Almost never Occasionally
About half the 
time
Occasionally Occasionally 3 4 4 5 3 4 4 3 4 4 4 4 5 5 4 3 4 4
19 I tell learners which questions to tackle. T Occasionally Occasionally
Most of the 
time
Almost always
About half the 
time
Occasionally
About half the 
time
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
About half the 
time
Most of the 
time
About half the 
time
About half the 
time
Most of the 
time
Most of the 
time
Almost always 2 2 4 5 3 2 3 4 4 4 3 3 4 3 3 4 4 5
20 I encourage students to work more quickly. T
About half the 
time
Almost always Occasionally Occasionally
About half the 
time
Occasionally
About half the 
time
Occasionally
Most of the 
time
About half the 
time
Occasionally
About half the 
time
Most of the 
time
About half the 
time
Occasionally Occasionally
Most of the 
time
About half the 
time
3 5 2 2 3 2 3 2 4 3 2 3 4 3 2 2 4 3
21 I go through one method for doing each question. T Occasionally Occasionally Almost never
About half the 
time
Almost never
Most of the 
time
Almost never Occasionally Occasionally Almost never Occasionally Occasionally
Most of the 
time
Occasionally
About half the 
time
Occasionally Occasionally Occasionally 2 2 1 3 1 4 1 2 2 1 2 2 4 2 3 2 2 2
22
I find out which parts students already understand and don't teach those 
parts.
S
Most of the 
time
Occasionally
Most of the 
time
Most of the 
time
Almost always
About half the 
time
Most of the 
time
Occasionally
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Almost never
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
Most of the 
time
2 4 2 2 1 3 2 4 2 2 3 2 5 2 2 2 2 2
23  I teach each student differently according to individual needs. S
About half the 
time
Occasionally
Most of the 
time
Almost never
Most of the 
time
Occasionally Almost always
Most of the 
time
About half the 
time
About half the 
time
Occasionally Occasionally
Most of the 
time
About half the 
time
Occasionally Occasionally Occasionally Almost always 3 4 2 5 2 4 1 2 3 3 4 4 2 3 4 4 4 1
24 I cover only the important ideas in a topic. S Occasionally Almost never Occasionally Occasionally
About half the 
time
Occasionally Almost never
Most of the 
time
Almost never Occasionally Occasionally
About half the 
time
Almost never Almost never Occasionally Almost never Almost never Occasionally 4 5 4 4 3 4 5 2 5 4 4 3 5 5 4 5 5 4
25 I teach each topic separately T
About half the 
time
About half the 
time
Almost never
Most of the 
time
Occasionally
Most of the 
time
Almost never Occasionally Occasionally
Most of the 
time
Occasionally
Most of the 
time
Almost never
Most of the 
time
About half the 
time
Occasionally Occasionally
About half the 
time
3 3 1 4 2 4 1 2 2 4 2 4 1 4 3 2 2 3
26 I know exactly what maths the lesson will contain. T
Most of the 
time
Occasionally
Most of the 
time
Almost always
About half the 
time
Most of the 
time
Most of the 
time
Almost always Occasionally Almost always
About half the 
time
Most of the 
time
Most of the 
time
Occasionally
Most of the 
time
Occasionally
Most of the 
time
Most of the 
time
4 2 4 5 3 4 4 5 2 5 3 4 4 2 4 2 4 4
27 I encourage students to discuss mistakes they make. S
Most of the 
time
About half the 
time
Most of the 
time
Occasionally Almost always
Most of the 
time
Almost always Occasionally
Most of the 
time
Almost always
Most of the 
time
About half the 
time
Almost always Almost always
About half the 
time
Most of the 
time
Most of the 
time
Almost always 2 3 2 4 1 2 1 4 2 1 2 3 1 1 3 2 2 1
28 I jump between topics as the need arises. S
Most of the 
time
Most of the 
time
Most of the 
time
About half the 
time
Most of the 
time
Occasionally
Most of the 
time
About half the 
time
Almost always
Most of the 
time
Occasionally
About half the 
time
Most of the 
time
Most of the 
time
Occasionally Occasionally
Most of the 
time
Most of the 
time
2 2 2 3 2 4 2 3 1 2 4 3 2 2 4 4 2 2
T-centred score 80 90 81 102 67 90 76 92 81 91 90 92 92 77 96 87 84 81
TEACHER SELF-EFFICACY QUESTIONNAIRE
Efficacy 
factor
1 Controlling disruptive behaviour in the classroom. CM 7 8 8 7 6 8 9 9 9 9 7 7 8 4 7 6 7 7
2 Motivating students who show low interest in school work. SE 7 6 7 5 7 7 8 9 8 8 7 7 8 8 5 5 6 5
3 Getting students to believe they can do well in school work. SE 7 7 8 5 7 7 7 9 7 8 7 7 8 8 7 5 7 6
4 Helping your students value learning. SE 6 6 8 5 6 6 8 8 8 8 7 6 7 7 6 4 6 6
5 Crafting good questions for your students. IS 7 5 9 5 6 6 7 8 7 8 7 6 7 2 6 6 7 8
6 Getting children to follow classroom rules. CM 7 7 8 7 7 7 8 9 8 8 7 6 8 5 6 6 7 7
7 Calming a student who is disruptive or noisy. CM 7 8 8 5 7 7 8 8 7 9 7 6 8 8 8 5 7 7
8 Establishing a classroom management system with each class. CM 7 8 9 8 8 8 9 9 8 9 7 7 8 5 8 5 7 7
9 Using a variety of assessment strategies. IS 8 9 9 7 5 8 9 8 7 8 6 8 8 7 8 6 7 5
10
Providing an alternative explanation or example when students are 
confused.
IS 6 9 9 7 7 8 9 8 7 8 7 9 8 9 9 7 8 6
11 Assisting families in helping their children do well in school. SE 5 6 6 3 6 5 6 7 7 7 7 8 7 3 6 4 5 6
12  Implementing alternative strategies in your classroom. IS 7 8 8 5 8 6 6 8 7 8 6 7 7 5 8 6 7 8
Efficacy for classroom management 28 31 33 27 28 30 34 35 32 35 28 26 32 22 29 22 28 28
Efficacy for instructional strategies 28 31 35 24 26 28 31 32 28 32 26 30 30 23 31 25 29 27
Efficacy for student engagement 25 25 29 18 26 25 29 33 30 31 28 28 30 26 24 18 24 23
TEACHING PROBLEM SOLVING EFFICACY QUESTIONNAIRE
1
Setting out the problem so that students can start working without 
detailed guidance about procedures.
4 4 7 3 5 5 6 5 5 5 7 6 3 3 7 5 7 7
2
Getting students to reflect individually on the problem and consider their 
options for strategy.
4 4 7 3 6 5 7 6 6 6 7 6 7 4 6 5 7 7
3
Allowing students to choose what resources to use (PCs, calculators, 
protractors, compasses and other tools and materials).
5 5 7 2 7 3 6 8 6 5 7 7 3 4 8 6 6 4
4 Helping students organise themselves into effective groups. 4 5 6 6 5 5 7 8 4 7 6 6 6 7 7 4 6 3
5 Facilitating student groups discussing the problem together. 6 5 7 5 5 6 7 7 6 7 6 7 8 8 6 5 6 5
6
Getting students to build on and challenge one another's ideas 
constructively.
5 7 7 3 4 6 5 6 6 5 6 6 5 3 6 5 5 7
7 Keeping talk mathematical rather than just idle chatter. 5 8 7 5 5 6 5 8 5 7 7 6 4 9 6 4 7 4
8 Ensuring all members of a group contribute. 3 6 7 6 6 6 4 6 3 7 6 7 3 8 6 4 6 6
9 Giving guidance where groups are not working well together. 5 6 7 6 6 6 6 7 6 8 7 8 8 7 6 6 6 6
10
Getting students to behave responsibly and appropriately when working 
on open-ended problems together.
5 7 7 6 7 5 7 8 6 7 7 8 7 5 6 4 7 4
11 Getting students to use mathematical skills effectively to solve problems. 5 5 7 6 6 5 7 8 7 6 7 8 6 7 7 5 6 6
12 Providing appropriate levels of assistance to struggling students. 7 5 7 7 7 7 7 8 7 6 7 8 5 8 8 6 7 7
13 crafting good questions that support students' problem-solving. 6 6 7 2 5 7 7 8 7 6 7 7 6 4 8 7 7 7
14 Allowing students to choose what maths to use. 6 6 7 2 6 7 7 7 7 6 7 7 7 6 9 6 6 6
15 Developing mathematical skills and knowledge in this kind of lesson. 5 5 6 5 5 7 7 8 6 6 7 7 6 8 8 6 6 5
16 Encouraging students to present their findings to the rest of the class. 5 7 8 6 7 7 6 7 6 7 7 8 7 4 9 6 7 6
17
Getting students to evaluate their progress on solutions and identify next 
steps.
5 5 6 3 6 6 6 7 6 5 7 8 6 5 7 6 6 6
18 Providing formative assessment of students' problem solving. 6 6 7 2 5 7 5 8 5 5 7 7 4 7 6 6 5 6
19 Using ICT (e.g. PCs) to support students' problem solving. 5 7 7 2 4 5 5 7 5 4 7 5 3 9 7 5 7 8
20
Ensuring a definite conclusion to the lesson rather than just "stop there 
and pack up".
6 8 7 5 7 6 6 6 7 5 6 5 7 7 6 4 7 8
Teaching problem solving efficacy score 102 117 138 85 114 117 123 143 116 120 135 137 111 123 139 105 127 118
Student- 
or 
teacher 
centred
The above table is a coded table of the categorical ordinal table above left. For 
teacher-centred (T) practices , see column C, each response is coded:
1-Almost never
2-Occasionally
3-About half the time
4-Most of the time
5-Almost always
Items that are student-centred (S), see column C, the responses are reverse coded:
1-Almost always
2-Most of the time
3-About half the time
4-Occasionally
5-Almost never
All efficacy scores were on a scale of 1-9.
1-Cannot do at all
3-Can do a little
5-Moderatley can do
7-Can do quite a lot
9-Certain can do 
Teaching efficacy factors each range from 4-36
Teaching problem solving efficacy score ranges from 20-180
